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Uporimental work leading to the development of I chemically
resiotLnt coated fabric, suitable for use in protective
clothing for personnel handling various fuels and exidiisoo
usod in guided misil6s, Is described in this report. The
fabric consists of a pigmnted blend of polyeth7le-or and
Vistanox B-80 calendered on VirTon Fabric 0501, primd with
a solution (1La o.lidsg of Vistanex B-80 dispersed In toluol.
It possesses good resistan-e to the action of nitric said
and ox'-ollant flexibility tho-ughout a tom.*rature range of
-67*? to +157F' when tested in accordance with the procedure
outlined In. Specification AIL-F-W1A3 (IMAP).

krotective clothing in the fom st suits, hoods and glov*es
fabricated from the coated material, as well as a number of
yards of the fabric Itself, baa boon shipped to the kriCht
Air Development Center. Since the coated fabric which he"
been developed is superior to suit materials in present use
which exhibit only slight rosisamc* to nitric acid* it Is
concluded that personnel operating in the field of guided
missiles can now be provided with clothing which will offer
adequate pretectio a•gainst rocket fvl1s. It is recoimnded
that the coated fabric be usad In the fabrication of all
clothing designed for the irotection of personnel engaged in
handlling oxidizers and most rocket fuels.

The coated fabric was developed andor Contract No. A? 33(614-155
at The Co iotiout Hard Rubber Cascanys New Haven, Connecticut,
during the period from May 22. 1952 to December 31. 1953.
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INTRODUCTION

As the progr.-m of activities concerned with guided missiles
becomes wider in scope, the demgi•.d for trained kersonnel
arous ever greater, and with their increase in number comes
a need for more effective wmans to protect them from the
hazarde encountered In the field. The pretective clothing
in present use, consisting of 6lass fabric toated withpolyvinyl chloride, affords only a slight isegree of protect~on, p

especially in .he case of rocket fulas such as fuming nitric
acid. hence, bhi task was assigned to develop a material
suitable for tne ilbrication of clothin,3, which, among other
requirements, would be resirtant to the action of white
f•u•IRg nitric acid and would be flexible throughout a tem-
perature range "3f -(7°P to +.1570F.

For the development of a chemically resistant uoated fabric,
the following polynoe.s were designated as being of special
interest to Wright Field: polyethyleon, polyisobutylene,
polytotrafluoroethylene and polymonochlorotrifbuwoethylene.
Since pelytotrafluoroethylons (Teflon) and polymonochloro-
trifluoroethylene (Kel-F) are outstanding in their resistanco
to chemical attack, the Initial experiiintal work under the
subject contract 'was concerned with an Investigation of
commrcial Teflon and Kel-F films, as well as thoae c "t
frcm solvent di;sersions on various types of glass sabrics,
and fused to make a continuous film. In conjunction with
theme oxperimontg, an Investigation was made of poly'nthylene-
polyisebutylene (Vistanex) films cast from solutl.n, together
with ;ros:-=.o.d.d films of polyethylonol-•sobut~leno blends.
Another experimental step was 6n evaluation of Kol-P-glaaa
fabric-silicone rubber laminates as weol as products result-
Ing frow. the lamination of plasticized, extruded Kel-P film
to Fiber;las.

While plasticized Kel- film was found to provide an outstand-
Ing degree of protection against fuming nitric acid, much
superior to that of polyethylene-polyisobutylene blends
%hich were the raxt beat, suit materials obtained by coeting
glass fabrics with oel-F diaptrsions had an Inherent stiffness
which was lessened to a certain extent but never completely
eliminated. AMny of the difficulties with fluorocarbon-
coated fabrics arise from the nec-'amCy of using Perg~las
as the supporting facric. No other known fabric has sufficient
heat-rasistance to withstand the fusion temperatures required
In the preparation of coatings from fluoroc.rbon dispersions.
Problems concernea with glass fabrics are poor flex life,
the possibility of irritation to the skins and the high
expense invoLv!.d In its use.

WADC TRL 54-93 1.
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The lose of flexibility Wiich ret-alts from coating with
[.1-F can be easily explairAe by a consideration of the
mechanical pro;x•rtLs of Fibergeas, Piberglas is made
fr-m teirodiame ter glass rf laments which are twisted into
thread and then w*von into fabri4, The glass filaments,
although supple because of their extremo thinnees, are still
glass and by their very nature connot withstand much bendlag
or flexing without br*akInS. Hence; t;he flexioility of
glasa f&brics is a result of the filaments alippin4 sn4 %
sliding -rzat anch other. Tta zpplication and fusion of
the relatively inflexible 1.l-P to the fabric locm these
filaments In places lizmits the~r ab~ilLy to slide past (w.snoth%.r, and therefore the fabric becomes stiff and brittle.

lben maxiwme acid pwotection had been obtaine4 with
fluorocarbon-coated fabrics, a ccnferenoe was held with
personnel of Wr'ight Air Develupment Center (December 9.
1952). Hsre, the potentialitles and drawoacks of fluorocarbon
constructions were discussed, It was decided that In view
of the rolati% 1.I Ziaort exposure time =ilcipated In
actual gý in otecitve clothing, absolute acid-resistanfea
should be z.-apraised sfor greater floeziollity hud iarer
comfort, It was suggested at this moetin that the reaInder
of the time on the contract be concentrated on polyethylene-
polyisebutylene blends.

Sub"quent work on bt nds of polyothylsns and polyisobutyleoe.
a-lendeored on V1lny.i, indicated that a piacnted Li.end of
sixty paWts polylsouatylene (Vistanox B-4i0) and forty parts
polyethylene provided resistance to nitric acid on the order
of forty houri., which Is markedly r. ;,orior to that of
present protective olcthing. ITe rlexeibility of the fabric
is excellent, approaching that of norma- wearing apperels
and flexibility is maintained throu4hout a temperature rPaz:;
of -67°P to +157F. Moreover, the fabric can be processed
with ease on existing calendering equipment.

UADC T.@ 54-93 2.
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EXi2 frsITAL hO013

A. TUget R4quiremnts and Confor•aity of Coated fabric

to Soocific',tiUc P.IL.-P-143 Mt'AP)

xperimental wor under the present contruct (AP 33(616)-155)
haa been carried out with the oojoctivo or developing a coated
fabric for use in protective clothing for versonnel handling
varioua oxidizing agents an4 tuwln used in guiced ajriall's.
"The protecti70 clothirA in present use, consustlug of a
ba" fabric coated with polyvinyl chloride, ofetes only
ulight resistance to nitric scid,

An the progam on guided missiles expands, the shortage af
tralmot personnel operatin4 in th field becumes more and
moe ritical. Cocseqwntly, less experlenced people are

handling hi&Iy corrosive rocket tvls. and the darn.-9r of
accidents 1i increas.ing proportionately. There 1I therefore
a distinct need for suitable protection against rocket fuels,
o8racially fuming• nitric &aid.

.The desire4 coated fabric is to met the fbllowing requirements,
listed In Libibit "A" of the subject contract.

A. The coated tabric should be resistant to the
following dwm ials:

1. Red Fuming Nitric Acid (64% N02)
2. Mixed Acids (F•,uin Sulfuric end Red walung Nitric)
3. Xydrogen Peroxide 9O
SLiquid Oxygen

Furfuryl Alcohol
6. Aniline and Puwfuwyl Alcohol (70%-30%)

E9thyl Alcohol (Commercial)
Aniline

9. Monoetb7laniline
10. ydrasine (9W)
11 * Anhydrous Am~and
12. Ameonia (Commrcial)

8. The fabric shall be flexible thviuAiout s temperatur I
rasng of -67*P to +157"?, when tested in ascordance
with the procedure ovtllrd In Specification MIL-P-414•3 (MAF),

C. Ve fabric shall have the beat possi'le abrasion
restatence, tcz' st.rnqth WA bresafng strergth, and
sha 1 not oauee dermati tis.

WADC TR 5~4-93 3.



The costing which has bee: developed for i* whefi
applied to a baso fabric is a pigointe4 blend of

the blend, continuously calendored auto Vlyo[
fabria, prwm*4 with a solution (14 solids) of
Vistanx B•-8O dispersed in toluol, have been oval-
uated and wers found to meet h requ ire -ents for
the coated fabric, 'Izw should be no cauce for
domti•a~tts. Complete data an the f"briOar
tabulated below,.

Uhcgfated P'ab."i"

Vinyon Fabric (e5Cl0 P1iahtex Corporation)
Count: 50 z 50
weight: 3.70 os/eq yd.
Thicksaes ,007 in.
Color: Natural, undred (yellow)
Weave: Plain

18% solids Vistanox B-80

dispersed in toluol, spread on o e ofa fabric.
Weight: 1.01 os/sq yd.
ThIckrwsa: .001 in. approxlmately
Colorless

Coating[

bO parts VLstmenx 8-80
and I0 *8art* polyethylerao (Alathon A)
with 5 parts Titanox A and 2 parts steartio acid,
calendered on one side of fabric
%eLght: 6.49 os/sq yd.
Thickness: .008 In.
Color: White

finished Fabric

Weight: 11.2 os/sq yd.
Thickness: .016 In.
Color: Outer surface, %hite

Nether surface, yellow

*IT Is to be noted that Vnyw•n 501 is 100% Vinyon (polyvinyl
chloride) and not a mixture of polyvinyl chloride and acrylo-
nitrile, which in known as Vinyon M.

WADC TR 54-93 4.
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Refsistence to penetration of nitric
acid, hours exposixre before passage of 2.5 grams

HNOY/q. motor 40 hours
Low-Tempo'.ature Plexibility No crQcking checking

3.5 hours at -80*? or stiffness

Plaas-Resistance burns, but difficult
to star t

Tsar Strength, lbs/in. avg. Warp-5.0 lbs.
tong method Pll-6.0 lba.

Adhesion
P411 2 In/mu Iba/In. Warp-Coating ruptures

(Scott) In extoas of on average
of 2.72 lbs. (Peak-3.14)

1111-Coating ruptures
In excess of an a'earage
of .60 lbs. (Peak-.8)

(b) Crank Test,_ 50tuya a IL
(o) Duiont Scrub Test P Withatood 200 cycles

breaking Strength lbs/in. Warp- 9.5 lbs.
Averago (Scott) P1111-6.2 lbs.

Beat Stability
2 hra. 1 153-P•t 20 No decomposition or
2 hra. 4 20OFp t 20 cracking an flsv!!%v'

1'•r'ank Test - The coated fabric is held firmly between the
lhupt and forefinger of each hand. A space of approximately
1 inch 'a maintained between the hands. The hands are then
moved -lternately forward and backward. The number of cycles
needed to cause a breakdown of the coating is then noted, which
indicates resistance to flxing. If the coated fabric survives
fifty cycles, It is considered to have passed the test
successfully.

W/ D&ont Scrub Teas -. The Duk;.nt Scrub Test, a me'5hanised ver-
sion of the Crank Test, was developed by the Pabrics and FYnlsh%ý*
Department of DuPont to measure tho "scrub resistance" of a
coated fabric. ThA fabric is placed in clamps which movfh back
and forth in opposite directions at a rate of 110 cycles per min-
ute, which gives the scrubbing action to the specimen. The num-
bar of strokes Is recorded. hlhen a breakdovr of coatinig is noted,
the test Is considered oorloplte. (See The Vmnderbillt Fubber
Hr,,ndbook. NKnth Edition. R. T. VanderbIlt Gxany, Row i, or-KT17--_. Pp. 433-435.

kADC TR 54-93 5.
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The jpinral reuistsc•nc of the coated tabric to the action of
various oxidizing agents and fuels which might be used in

guidsd missiloe, was determized. Fuvorable results were
obtained.

Ti

Ii

tJ
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BA Plelsthyleno -Vint anex Blends

The scc.ted fabric which has been develops# under the subject
contract Is a pianted blend of polyetL. ,.s. ane Vistanex.
This section of the final report covers in considsrable detail
the experimental work lardina to the final product.

Personnel of %right Field supplied for cur examinatien a
ample of Orlon, coated with a compounded mixture of polyethy-
lene and Vistanex which was piganted with carbon black,
Wright Field had conducted psrmeamilty tests on varluus
materials or possible use for protective clothing, and the
polyethylene-Vistanex blend had shown some promise, Tests
in our laboratory showed that the sample supplied by hrlot
71eld had relatively poor resistance to the permeation of
wite fuming nitric acid, particularly In compkrison with
that of plastizised el-F film. Steps were taken# however#
to prepare films of uncompoundsd polyethy1%-VEstansx blends
for evaluation as nitric said barriers., L^ was discovered
that fixtIwes containing no carbon black showed nitric acid
resistance far superior to that of tkA material supplied by
Wright Y'.sld. Further work revealed that carbon 'slack was
responsible for the lack of resistance to the parmeation of
nitric acid. A very definite 6,-ner~isa was found to exist

between polyethylene and Vistanex, since either materials
by itself, exhibited only fair resistance to nitric said,
(Sam work has been done on butyl-Vistanex blends for use In
protective clothing, which Is reported by A. R. Allison, as
noted In the Literature Survey, 4Choodcally Resistant
Protective Clothing.)

follothylono-Vistsnex blends were Investigated firtber.
Workat this stage wvs largely concerned with the dovelopmnt
of itiprooed techniques for preparing solution-cast films and
a preliminary examination of films prepared by press-molding.
frcas-molded polyethylene-Vistarex films were fousnd to
exhibit a resistance to nitric 8wid, definitely superior to
that of solution-cast films of similar composition. This
indicated that a calendored coating would surpass a solution
coating. Therefore the fabricatiQn of c€ated matrials by
caoendering techniq8us was investigated, with particular
otphasis oan such requisites as calonderability, adhesion#
flam-resistance, freedom from blocking, crease-resistance,
resistance to oxidizing agents and fuels, and the processing
of a ooloreu fabric. The effects of pigments and riller.
wre Invistigated. Mihle various compounds were found to
improve calenderability mnd to reduce blocking* acid-resis-
tance was also reduced.

SAtiC TR 54-93
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Since chlorostuionated polyethyline (Hypalon 3-2) offered i
proise an a s&batstute for polyethylene_ Vistwex-Hyalon
films wore press-molded for Ovalu&tion as nitric ao i ,arriers.
Acid-resistance was found to be marksdly inferior to that of
preso-nolded polyethyleneo-Vistenex films.

When the pigpmentd blend of poljvthylerA and Vistanex,
calendered on Vinyo, was believed to fulfill all uces©ssapp
requiremontg, a full-scale run on a production calendar was
made. The coated fabric obtained by tbs calendaring of the
polyethylene-Viataiex blend on Vinyon was used in the fabri-
cation or protective clothing such a* o"&aig, 4'A~. ;.nd ý-l7v'e.
A study was made of sultaole mean& for the protection o0"

1. 3olution-Cast Films

The init•al eveluati• n of solution-oast polyetbylone-Vistsnex
films was wothy of further Investigation. On the basis of
exposure for a relatively short time a good degree of acid-
resistance was obtained and the flexibility of the film was
excellent. The preceduwe (Procedure A, Appendix) for
determining permeability to fuming nitrio acid cos1isted In
using a specimen as a diaphragm in a U-shaped cell which was
divided Into two seottonia at the bottom of the "U0 . Conduc-tivity water was put In half of the cell, and white fuming
nitric acid In the other. M2w pH of the oon•uctivity water
was amasured at Intervals, and the permeability was calculated
from the disonsions of the system. FPiare I Is a calibration
curve of the test cell used In obtaining nitric acid penetra-
tion data. The calibration curve relates the measured pH to
t AI.j-ation rate in gruas pr square motor for white
fuming nitric acid through a test m acrane, The experimntaL
setup ;s pictured in Fisures 2 and 3. The test Is the general
application of the theory or diffusion (seo LAterature,
Surveys 1. teremability). Th-i procedure was developed by
the Naval Air Rocket Toot Station.,

Pilms cast (Procedure Be Appendix) from various blends eP
polyisobutylene (Vistanex) and polyethylene for evaluation
as fmiing nitric acid barriers showed maximum resistance
In the range of 70 parts of polyethylene and 30 parts of
polyisobutyleoe, with a decrease in resistance as 100 parts
of polyethylene was reached (FinLre 4), k'remabllity date
on a solution-cast filx comprised of 70 parts of polyethylene
and 30 parts of Vistanex B-4O are tabulated in the Lppenrix

Table 1,1. Vistanex. itself, has very little nitr-t acid

iADc TR 54-93 .
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resistance. However, It serves as an oxcellent modifyiln,
agent to Increase tte flexibility of polys.th$ln* and render
It a more sultasto fabric-coating material, without reducing
Its said-rolstance. Polyethylene f11m, itself, proved to
be a very poor nitric acid barrier, sittAr wn solution-
cast (?roceduro C, Appandix) or when calondared (drocoduro
D. Appendix), se will be noted in FlSure 5 md in the
Appendix, Table lii sad Lit. ?i.ure 6 is a comparison
of the rates of penetration of nitric said Into various
Viataix-polyethyl1ie blends and into samples of the suit
material submitted by 'right F'Ald. Th. data u;on Which
these curves ar4 based may be "ond in the Appendix,
Table 1, I, iii, &ad iv through vii,

It was found that the difficulties of solution-esating
polyethylene-Viat Ux films are primarily due to the InseIu-
bility of polyethylene in toluene at lower temperatures,
Large precipitated psrticles of polyethylene in the finished
fLl. 0 are found to decrease the reaistace of the film to acid-
per~ation. A seciond difficulty .& that of residual solvert,
,euesirt failure of son* fil'ms after relatively abort exposure
(10 to 20 hra,) t fuming nitric "aid. Since toluwtu is net
resistant to nitrLc acid, any mupll mount of solvent present
In the l1m is detwitentva to acid-resistance. It we*
aiscovered that after drying for a iong time at about 1507,
the scid-registarce of solution-east films improved. However,
%hill It io poeslble to remove the Epsater part at the solvont
by oven-4rying, the last :aall fraction QO solvent will per-
stat for antlvse

%;1Zh the development uf improved techniques, a seond series
of films was prepared (Procedure go Appendix) from various
b.onda of polyethylene and Viatanex 6y the silutiou-Q ....
mthod, followed by extending drying. Films, 0C6 to .007
in. thick, were subjectod to aeid-peawability toats,
Permeability of the individaal films is shown In F14ure 7.
Tre data upon which thes curves are based may be found In
the Appendix, Thble 2p I through a.

Zxanination of Pliure 7 roveasl that extended *ven-drying
does have a farcwable effect on solution-ccast fili.wa. Mhsr*
was marked Improve•mnt in the impermeability of this series
of solution-caist fil:s over those prepared earlier, It Is
apparent that 7ilim V132 comprised of 50 parts polyethylene
and 50 parts Vlata.na B-0 was most resistant to the penetra-
tion of fming nitrio acid. aowoe~r, in comparizi; 1nerwrs4Ll- LS-
ity data of solution-cast films with those of pross-molled
films, it will be seen t4at solution-coat films still fall
far short of dleirable resistance to nitrio acid,
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2. 
1"dd 

Ell

reee-soUdifng is a laboratory proceture for the preparation

of simulated calendered coatings, which Is used to avoid

the difficulties inhArent in calendering. By omens of thib

method, a number of hand samples can be prepared In a minimum

of Uime. In an eval.ation of press-mold-d fil-s Of th sas

poly thylon -Vitet ex blonde, the r.sults of acidresistanC.

tests wre smuch more promising. The prose-melded films

dtfe•sed froe ins solkion(-•.3t !f-iL' not only in their

superior "eastancee to nitric acid but slap in the optimum

ratio of Vistanex to polyethyler*. Excellent nitric acid

resistance was obtained with polyethylone-Viatenol )-80

blends in the r ..... or . .o parts pllat.lone and 60 parts

Vistnod B-80, to 20 parts polyethylene and So parts Vistea.x

8-80 In tk•icknes5e of e1iht mtis, o more. Extropoly good

flexibility wa noted.

A complete series of films was prepared (Procedure P. Appendix)

frod va•ious bleons of polyethylene and Vistanex by the press-

molding method. lt.Is, .08 in. thick, were seub.ected to acid-

permeability tests. Permeability or the individual films

is shown in FIVare 8. The data upon which the" ourves are

based v*7 be found in the A4end±x. table 3,1 through xi.

Data showing the effect of concentrati•n of components an

the acidroois-tan.e of pres... olded films as ocapsred with

solutiOnfoet films wre shown in -igu- 9.

Vila P164, oomplsod of 20 parts polyethylern and 80 parts
Visone 1ý80,dislayd such resistance to nitric acid

that ower 300 hoeus of expcoure were required borwre 2.5

grmoe or nitrio acid permeated the film. This dgree of

reaitafneb was second only to plasticiSed Kol- f11i, hhob

will be discussed In a later section of this report.

A study mas mmade of the effoect of' hi4gh~r molecular weight

Vistanox on the acid.issstatnce of tMe bloends. Pres-

molded films prepared. as In Procedure F, Appendix, fro
varouso Kends of . .... hyon and,.,, Vustan B-1.00 revealed

a resistance to ultrio acid of the saw order of ma •itud

as that of f Ils containing Viatanex b-80 (Appendix Table

4, 1 through v), In the station of this report aing with

calenderability of experimental fabrics coated with blends

of pollothylen -VIstZ it will be shown that higBher

molecular wolqht Vistanex reduced cslenderaSlity. Batches

containing even relatilvly mall proportions of Vistanbx

B-100 were so nervy that thay could not 00 calondored on

fabrices at all.
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It was dsooveord that press-molded films containing high
moleoular weight Vistanex B-120 showed ern inproveont
Lik aer-,.aistance over those containing Vistonex 3-80.
Fi.'.s prepared from various blends of polysthylene-VistUwx
.- 120 showed sows reduction in acid-puuutration for a
period of time up to &.;out sevonty-fivo hours (AjppendLx#
Table 14•v1 through Lx) with increrolng proporti•.ns of Via-
tanex 8-120. The permability of a film. .008 in. lhiokq

u.da-1sod ot 50 parts polyethylene and 50 parts VistaaoX
B-120 (Appendix, Tble 4,vii), in compersson with that
obtained with tU cozrresponding blend of polyethylene and
Vistanex 8-80 (Appendix, Table 3,vi), is indiocted &a
Figure 10.

However, while high molecular weight VLstenos 8-120 provides
sae improvemant 4n resistance to acid-peretration, It also
leads to an increase in the nerve of a given blend. Poly-
ethyleneo-Vitaoex B-120 blonds wore extremsl7 nervy. which
made processing difficult. A groaie deal of energy was re-
quired to shoot into films, batches containing "a little
as 40 parts Vi tanox B-100 and B-120. Again, it was dis-
covered that it was impossible to obtain calendered samples
of coated fabrics with the B-120 blend. The use at Vistanex
of a higher molecular weight than that of Vistieox 5-40 was
thsrefcre considered to be impractioable.

Vistsnox-Hypalon Pilms

$14n-e y.pelon S-2 (chlorosulfonated polyethb7yle ) was of
interest as a possible substitute for polyethyl,,ne, two mote
of filng .006 Inch thiolk* were prepaed by thb press-molt.r.
method from various blends of Hypalon S-2 aM Vlstanex B-8.
for evaluation as nitric sacd barriers, Ovr, set was mixed
and pressed in the same moner used with the polysthyloeo-
Vistanex blends. To the other set, two percent of sunm oxide,
based on the Hypalon, was added to aotivcte the cure of the
Hypalon. The acid-resistmice or the straight Viatanex-
Hypalon 3-2 films as well as the films oontainir4 sineo olide
was markedly inferior to that of polyethylono-Vistanez
films (Appendix, Table 501 thrcugb xsII).

In Pidur* 11, aoid-permability of films obtained r-is various
Vistanox-Hypalon 5-2 blends is plotted as a function of blend
compooition. For purposes of comparison, some of the poly-
ethyl& no-Vistanex data ame also plotted. As Indioted In
Figure 11, Viatanox-Hypalon 3-2 blends show only el Lght
reaistance to nitwic acid penetration. The iddition of zinc
oxide gives no substantial laprovevent.
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Several flamc were also prepa.sd from various blelids of ItpSlon
3-2 and polyethylene. in the ,am manner as above. These,
too, showed negligible resistace to nitric acid (Appendix.
Table 5, xiv through xvi).

3. Eitp-imental C•oated Fabrics

a. Calenderability Studiea on Pilot-Plant Calender

In datermining .the optim•,n combination of polyothylene and
Vistnsex for the development of a coated fabric which would
oatisty the requirements of the contract, It was found that
one important variable was the composition wh•ich could be easily
o alendered.

The initial method used in calendering the blends on the
base fabric was the standard calender-coating procedure where-
by a length of fabric Is fed eontinuously through the
calender rolls. The relative calenderability of batches was
Judged on the basis of pickup and ease of calendering. Most
of the blends evaluated by the use of this method were
adjud4ged "poor calenderir4".

Until the techniques of continuous coating could be developed,
it was wuceseary to use a second method to obtain small
samples (apprOxA&aately 4 in. by 4 In.) for evaluation of
acid-resistance. In this method, after the blond was banded

smoothly on the middle Poll of the calender, a sample of
fabric (approximately 6 ia. by 12 In.) was fed into the bite
between -th two Icwer rolls. Mhen the fabric was about halfway

through the rolls, the calender was stopped and the small
sample of coated fabric was loosened from the middle roll.
%hen the calender was started again, trs whole ample could
easily be pulled free. For purposes of laboratory evaluationof amsple& for nittric acid resistance, the "start and stop"
method of calender-coating was adequate.

Preliminary work on the calsnder-coating of Dynel and
Vinyon Fabric 1501 was carried out with blends of polyethylene
and Vistarax B-80. In one case, Vistunex B-100 was used.
The middle roll of the calender was heated to 2•3F In
all runs. C-lenderability on Vinyon, as affected by varla- i
tion In the molecular weight of Vistvnex and by the presence
of pigments, is tabulated on the following page. J
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COATING CHARACTERISTICS OF VARIOUS POLYETHYLENE-
VISTANEX bLENDS CM VINYC.M

batch Composition Pickup Adhosion

50 parts ViatmeL B-80 Good Good
50 parts Alathon A

60 parts Vistmiex B-80 Good Good
40 parts At athon A U
70 parts Vis tuiex z-80

30 parts Alathon A FaiW

80 parts Vistanox b-80
20 pats Al athce A poor Poor

50 parts Vistnex B-lOu
50 parts Alathou A

13 parts Vistairx B-80
54 parts Alathon A Fair Fair
33 parts Titmox A

27 parts Vistanrz B-80
27 parts Al all*- A Fair' Fair
146 parts H.1-S31

Poor to jpod culerniering ehareoterlstioa were atservd with
thae aLcv batches. The increased molecular w•i•ht of
Vistanex B-100 reduced the calenderability or the 50-50
blend. 3mall samples of the optimu blends calendered on
fabrics bou.!i the same oombination of propsrties as the
press-molded films# L.e., good acid-resistanoe and excellent
f exibility. ?oly~tby1ono-Viatanax blonds cslendeod on
Vinyon formed suocessful barriers for fuaLng nitric acid, with !
films of thicknesses of seven mie, or more, an seven ails
of fabric.

Because of the nerve of batches containing large proportions
of Vistanex B-80, the coatings wre jplied to the Fabrios
under high stress. When fthe coating left the calendar, it

a'.lazx4  causirg excessive pujimring of the base fabric.
In the processing of nerwy batches, solution-coating has a
distinot advantage over calendering. Howver, since solution-
cast films did not give consistently good acid-.esistanco,
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methods of imrovi cale derirg toohliques had to bt
dOveaOP04. Methods tor andling synthetic tforics also had
to be evolved. For example, Dyra• . fabrio was fourd to distort
at thi upper oelos ring temperatares.

The difficulties encontoered are appa"untly quaite pa~r
throuibtout the •abric-coatlng industry. It was believedthat the addition ot lower mo]& QUI welght pow•hr•iboes. of
the Paper-coating type# wlaht allorato ths nerva of liven
batches. Rowevers work in this direction revealed that
A-Lathan VII redged the evid-resistance of polytUylano-
VIstazax blends. ?l~menta ln;roved processin• oharacteristicO
but also reduced "1i -resistasce.

Continuous aslender-catlng of poly thylons-Vistanex blends
must bW arried out with proper control of cslander-roll tom9-
eWaturee aMn spoeo l tho proper preheating at the oampoel-
tIon on the m11. The calender-roll temperatwes required
wre ls•rely dependent on the mrve of the batch to be oalondsred.
Higher temperatures are required to calender batchs so•;sIn-
Ing Increasing cwopwtions of Vistanrx B-80, and batchaa
containing oven Uslatively small proportions of Vistan•e
31-100 cannot be calondored at all.

SinoO It was thouAit that plastic flow might be a eoasureF
of the ease of oaienderability of various polyethylene-Vistanex blaels a srIobo of plaetAolt7 Aumbr det•mivist•ins
was mades It was found* howeverp that no hbigh degroe of
aorrvlation seemed to exist between flow characterlstLea and

easoto proceeslt 4 .

In an evaluation of the performano oat various blends on apilot-plant colander, It was found that steeale acid act. a.
a plasticizing old, In that it lessened retraetion of thebloend *d provided better release from th calender rolls.No appreclable change in resistance to nitrio acid was notedin blends containng up to five percent steaio acid.

b. Adhesion to Fabric

One of the probloe In the oslendering of coatin~s on clothis that of obtaining adequate adhesion. In an %&fort to
Improve the adkosion of polysthylone-Viatmex blonas tofTories, It was found Wat marked Improvement was obtained
by primlvo Vinyan fabric with a solution (149 solids) ofVstan•x .-80 dAspersed in toluol. The fTex'bility of the
fabric wa malntalno with very little loe after calondaring.
Contrary to expectation, %ethylene bis (Li. pýenyl lsocyanate)
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had an adverse effect on adhesion, adImparted boardiness
to unicoated fabrics.

Experijmonts were conducted to determine the adhesion of
experizmental coatings to various types or pr~med IDynol and
Vinyon fabrica by peel stripying. It was found that the
adhesion wass greater than the film strength of the coating.
All f' lms in thicknesses or eight and twenty-five ails ruptured
before any readings could be taken. i.tien a film thickness of
rirty-fi7e mils was used, the ftigý-st vallsa (~4,1 lbs./J'n. in
the direction or the warp anc .u 5, 1A./In. in thob direction
of the fill) were obtained with Vinyon (Flightex Corp.)
Style V5C5 which contains Vinyon fibers in the warp and

Iye fibers in the fill. Vialives of 2.6 lbs./In. Nasry) and
4.? lbs./in. (fill) were obtained umIth Vinyon (PlItghtex Corp.)

Stl *01 wh~ich Is 100 percent Vinyon. Intermdiat.
values were obtairad with Dyneil (U.S., Rubber Co.) Style
902-F end Dynal (U.S., Rubber Co.) Style X-5W4.

o.Flaree-Resistance

In the coated fabric 1ndu.stry, certain pigirmnts a&e used to
improve f lam-resistance. Exper'iments wtth polyethylene-
Vistanex blends, however, rovwaied that most pigmnts do-.
creased the acid-reistbuces. A number of pigmients commony
used as vl-e~"re *valuated but were found to be
of no value in the quantities empl.oyed.

A study of the upot of zinc oxide# bismuth trioxidop Carbon
Black t'-33, Xa1-F W~ax 0150a TitanoxL A, antimony trioxide,
ws'.mtum chloride, aw4d z:*n. "'rats, slowe and in combinati~np
revealed that even excossive amounts of these materials woi4
not imnplrt flame-resistance. Pluaeo-rotardsnts were addo!
(Procedlwe Op Apperndix) to previously milled polyethylene-
Vistanex blends on a laboratory still. The flwiability of
these mixtweos was compared witU that of previously milled,
unf illed polye thylene-llistanex ble nds ith Lch had bean
calendered on Dyrts.. In two casos, blends consisting of
80 parts Vistanex, 20 pirts po1lethylons and 40 parts titanium
dioxide were placed over VInyon and LDynel fabrics, and the
components were subjected to 65 psi at 280 0P In a hydraulic
press (Procedure 0, Appendix#. The resultant coated fabrics
were brou4it Into contact with a flame, and their degree cf
fleaiwability was noted. The results of the toots ane given
.;n Table 7 In the Appendix.

All blends, filled and un'filled, supported combustion. lie
flame-resistance or Lynal-backed ogatad fabrics prepared without
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PIVnuta was found to be only fair. Filled bland*, cnendered
an D•ySl and Vinyon backings, did w~t burn readily whon brought
LIto contact with f lam. #, a,4 ahowed some tendency to be self-extinguishng. Sam flame-resistance was Imparted to theblonds through the use Dy Dmil and Vinyon as supportin fab-

rics. The ue of Dil and Vinyon is preferable to th4 unual
fleýAprooafln methods, for th. reason that it in no way ipairs
the propertiea of the protective coating.

d. D1ocki"

The dogrea of blocking of prepared coated fabrics mas deter-
ftin4 in accordance "Ath A.S.T.M. Standard Method U 8•4-48.
Vinyon and Dynal fabrica, calender-coated with polyethylene-
Vistanex blends containing from 50 to 60 parts Vistanex 1•-80
and 20 to 50 parts polyethylene, were auperi•jomed (racedutre
H, Appendix) to obtain three possible surface combinations
(coating to coatlna coating to backing, and backing to backing).
Each composite won condtionod In a drying oved for 24 hours
at a temperature of 125PF and a pressure of 1.3 psi.

Increased proportion@ of Vistmiex b-830 produced a correeponding
Increase in blocking. aamples containing 70 und6O parts
Viatanex B-60 presented serious blocking problems# although)
prevtous inveatiljation had shown them to be moat resistant to
the pe-sage of nitric acid. No blockin• was evidont in any
of the thrie su-race combinations of fabrics containing 50
and 60 parts VLstanex in the coating, Calendered fabrics
containirn no more than 60 percent Vistanex B-80 were freo
fr- blocki• g and were very flexible. The incorporation of
pigments In polyethylene-Vistanex blenca reduoed blocking
but !Oawlise reduced resistance to nitric acid.

Although the decrease in blocking characmtristIcs afforded by"•he use of polysthylene-Vistmiex blendia containina 50 and6o
parts Vistanex was offset by an increase in acid-permeability,
sufictent acid-resistance was obtained for the use of such
blonds in fabric coatings. The optimAm bland wes found to be
10 parts polyethylern and 60 parts Vistarnx b-80, This blond
has adequate aoid-resistance (4A0 hours), is readily calandered.
possesses excellent flexioility, and presents no blocking
problems. The use of talu Is reco-wonded, however, to prevent
any tendency toward blocking,

II



Selection or Bimpain; Material for Polsethylen, Vistanxe Blatl

Since all of tke coatings except plaitiljsed Ka1-? allowed
some acid to penetrate, it was desirable that the fabric,
itself, have some acid-resistance. The selecti.on of the
optimum fabric (Vinyon) was threrfore besed on degr•e of
a~id-roaistance as well as confqrmarice to Speoification MIL-
P-4143(USAF). Vinyon not only meets the requirements of
Specification MIL-F-4143(USAF) when used as a base fabric,
out iaau a z.nsi-_'rable rtsistaneo to nitriO acid.
Moreovero Vinyon is flame-resistant and reduces the rlammabltitj
of the coated fabric appreciably. Lastly, Vin7on exhibits
better temporature-atability at calondsring teaperstures then
saou of the other thermoplastic fibers.

e. Cr€ase-Rosistp•.sc

In order to simulate the effect on clothing of folding W1
stacking in piles, a creas .- resistance test was devised in
ixlch the coated fabric was hung over the edge of a thin
rtal sheet, with hundred-gom weoihtv. After the coated
side of the fabric had been in contact with the edge of the
metal for 24 hours at 125F0 the fabric was turrWd over and
the test was repeated, The creased section was then
subjected to the regular permeability test.

The results wbich were obtained indicated no reductton in the
resistance of the coated fabric to nitric &cid. These find-
ings do not correspond with those v spcrted in the cje 4f the
polyethylene-Vistem x coated fabrics manufactured ty the
U. S. !!.2-h^- Company for the Quartermaster Corps, in which
the coating was said to have flowed away from the creases,
in starngc, and acid-resistance was dstroyed. In fthis
instance, the suits may have boon ;&cked in bales. 3uch
treatment would necessarily lead to extensive wrink-les and
crasses in which the coating w4uld be seriously l'pairni.
Since most of the polyisobutylones are subject to a certain
amount of cold flow, suits made from fabrics coated with a
polyethylens-Vistarnx blend should be handled as Carments and
pacied with some care. It would be advisable to Wast the r
suits with talc oefore storage.

f. Rosistance to Oxiaizing Apntm and 12iL.

The general resistance cf the coated fabric to the action of
various oxidizing a4 ents and fuels uhich si.ht be used in
guided missiles, was determrned. 3amples of the coated fabric
were placed in beakers containingl mixed acids (15, fuminri
vailturic and (35 red fumINi nitric), hydrogen Dsroxide (9O(),
furfuryl alcohol, aniline and furruryl alcohol %70%-;0%),
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ethyl alcohol (cotv rcial), aniiine, monoethylanilins, and
amonia (commercial). The results which were obtained were
favorable. In all casesno evidence of deccimpoai'ion of
coating was noted After a 160-hour exposure.

It should be pointed out that in the testing of samples Qf
the coated fabric by immersion, tse fabrtc is exposed to the
chemicals as wall as the coating. Fabric decomposition was
first noted after six hours' exposure to aniline as well as
mixed acids (15% concentrated sulfuric acid and 65% red fusingn
nitric acid). Fabric failure occurred after 48 hours' expo-
sure to a mixture of 70% aniline and 3O0 fu:-!uryl alcohol.

g. Procoasina of a Colored Fabric

Wri~ht Field had expressed a desire for a white suit to be
used In tropical areas, and a green suit to be used In cooler
regions. It was found that a satisfactory whito color could
be obtained by the use of those piaents which have high
tinting strength, such as titanium dioxide, in seal enough
quantities to avoid undtm reduction in acid-resistane (5 parts
per 100 parts of blerd).

In developing a green, coated fabric, an investigation was
carried out to determine the effect of using an unpignted
polyethylern-Vistanox blend over a fabric which had been
dyed gpeen. An unpigmented blend of 60 parts Vistanex -80,
40 parts polyethylene (Alathon A) and 2 parts stearic acid
on Vinyon Fabric 0505 (blue-green) resulted in a finished
-e6",'e havinr a uniform. blue-green color. It Is believed
that a coated fabric can be produced in any color deorred,
by *h use of the polyethylene-Vistaern blend on a properLy
dyed base fabric.

#. Production Calenderdir4 of Blond on Fabric

A5 the time when samplas of polyeth7le.p.-Vistanex blonds
produced on a pilot-plant calender on primed Vinyon Fabric
#501 were found to meet the requirements of a coated fabric
for use in protective clothing, arrenoements -oe made with
the Hodgman Rubber Company in Framingham, 7 :husetts, for
the production-calendar in of 240 yards of 4 ,on fabric.
Several visits were made there to select the optimum compo-
sition L'or calendering In production quentities. In a
study of the perforance of blends on the calender, Hodgman
Rubber suggested that stearia acid be used as a processing
aid to reduce the nerve of the stock. LAboratory Inv6.tigation
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subsequently re•vealed that sroatia acid could be used in

quantities up to five po rcent without any appreciable effect
an tti resistance of the f.abric• to nitric acid.

A fin8• selection of, the optimum polyethyleneo-Vistanox blend
for a pro(Metion run was made an the b~lasi of calonderabilitys racid-resistance and lack of" bloc~nl It was decided that a

m.ture of 60 parts Vistanox B-80, parts polyethylene,
5 parts titanium dioxide and 2 parts stsartl acid would be
used. A maosAr batch of the mixture was prepared and sent,
together with the Vinyon and sufficient Vistanox D-00
solution (13% solids in toluene) as primer, to the Hodgmmo
Rubber Company.

On June 25, 195, the two hundred and forty yards oef Vinyon
F?.riao 501 were successfully calendered on production
eotA~lpmot. No produotion difficulties were encountered la
either the priming or the nalendering operRtion. The fabric
was Drocessed on a four-roll, Farrel-lrs.4n4hm calonder, at
the rate of 20 to 25 yards per minute. Cale ndering conditionswere s o tllows:

Temperature of the Rollo rop hall, 26001P
Second Roll, 275F
Third Roll. 270TO
Bc.;tam Roll, 190OF

weight of Primer 1.0 - 1.25 ounces
per square yard

V.I1tht of Yolyethylene- 5-(. ounces per
Vistat x Coating s4uare yard

The polytkthyleru-Vistanex coating was deposited smoothly
across the bae fabric, and tiss of uniform thickness. when
the finished fabric was Subjected to the Dueont Scrub Test,It *.'thato=od 200 i~la ndicating that the coating was-Aot only well adhored but possessed excellent strength.

InspeatIon of 'Zated Fabric[

ft0fortunately, a few pinholes *Ore evident In the coating.Sows of, those, had apparntly been caused by contamination
from small metallic particles which had been picked up in V

the milling operatian. -tsots were -in on samples of the
coated fabric both eforo -,4 a•b•er repair of the pinholes,
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to determine the degree of resistance to nitric said. Itw" found that sameples oontailr* minute pinhoole which hadnot been repaired withstood exp~eere to nitric acid for a

period of about 10 hours Oe)or. permation of 2.5 grams r
square motor occurred. Siles contanin pinholes whi
had bee repaired enttstoo exposure for a period of 30
hours before 2.5 p-sue of nitric sold penetrated through
the ftaric, whih tis nearly equivalent to the perfect material.

In repairing the pinholes, the coated fabric wse Laoe d by
passing it over-& wire rsame with electric lighw underneaths,
wbich povided effective mans for visual inspection (7itqure
12), A drop of calondered poly*thylone-Vistanox blend dis-
pereed In xylers was placed over each pinhole and was allowed
to air-dr7. T treated surfaoe was then bast-scaled by mans
of a soldering iron, placed In contact with a piece of
Teflon which was laid directly over the pinhole.

Wdeu the pirnlos had boen repaired, a uffifleons qumtlt of
the coated f abric was shipped to the imnufacturin plant if
3. Froelich & 3ons In lew London# Conncotlcuts wlta whea
arrszesents had been msedo for the fabrication of protec-
tive suits.

5. labrigatl~a of-frotecttve Clothing

Tbe experen~o at masr"actu-srs who have swds articles of
coated protective elcthing or foul-weather Sear which must
pass a hydrostatic test has been that tho greatest difficulty
encountered to that �" obtainin tlht acema. Recognising
this problem, The Conneti cut Hard Rubber Company's first
:-proach to the matter of fabricating clothing was an *valua-

tioa of methods at protecting the somas. This is visually
accomplished bj mane of solvent solution coatireSs which are
econ0oical and easy to apply. mowers. solvent solutlon
coatlr4a were not desirable for use in this case,, mine
polyethyiene-Vistanex solutiocA can only be used hot (160'?)
and the garment mkuet ioe bold at 16047 in order to obtain
crack-.•*r f ilme.

A visit was paid to Mr. F. Duske of Brooks Brothers. Mr.
Dusk. had formerly beon associated with the Intemational
Tailoring Company which had made a grest many rainoosas
and foul-w*ather gear for the Navy. He described the
probleas which had to be overcome In order to obtain #*eam
in the garmonts %&Leh would pass the hydrostatic test,
Mr. Duskse susestood that the minm$ of the acid-resistant,
protective suits be taped and also be hoat-smalvd by mans
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of an electrically boated roller with a reoessed area in the
itself, during the sealing operation. Otherwise# same of

the adhosive would be squeesed out from under the tape.
Xodrover, the heat mlght dawage the stitching. In accor-
dance with his suggestions, a number of tests wore run on
the peol-strength of taped seem. both unsupported polyothy-
lone-Vistanex film and two-side coated fabric were evaluated
as the tope material. Both were found to be equally satisfac-
tory.

a. Protection of Seams

bWn the actual fabrication of articles at protective sloth-
ng, such a sleeves and lgtovs, was Initiated In the

laboratory, special consideration was given to the problem of
saintainIng the nitric acid barrier at the &*ea. The
Initial laboratory workwas concerned with an evaluation of
mthods and materials for protecting seam, which had been
sewn by hand with Vinyon thread. In the meantime, arrae- F
sents had been a&e with t local seamstress for the fabrlsa-
tton of a prototype leove, sewn with Vinyon thread. Arrangs-
mats had also been made with S, Froolich & Bows, New York&
3. Y,, fca the fabrication of protective suits and hoods,
conforming to patterns designed by the Quartermster Corpse

Xxperinental work revealed that the seals obtalmd by ocoating
with solvent solutiotu of Vistcnex B-4O or the polyethylene-
Vistanex miAture were inferior to taped seams, tIich we to
be expeoted In view of the fact that the said-resistance of
solvent solution coatings is relatively poor. How#ev.:r, ?t
wed discovered that the technique of applying and fusing
multiple **ats of a hot solvent sol.ution of polyeth7lone-
Vistanex effectively redues the mount of residual solvent
and thereby increases the doeg" of ac id-_rsistence.

Taped "Nme obtained by the use of solvent solutions of either
Vistanex or the pigmanted poly*thylone-Vistanex blend as
adhosives, mad either unsupported polyethylone-Vistonex tape
or two-side coatedfabric as ?einforcing tapes were evaluated
by moans of pool-strength tests, hhlle both adhesives were
equally satisfactory, the use of the m lvsnt solution of
Vistanex is definitely nore practical, since the solvent i
solutiemn of the polyethylern-Vistansx blend has to be main-
taird at a temperature not less then 6lO1? for application,
or "'mW-crackinge will occur. The two-side coated fabric
appeared to be the more satisfactory *,,m binding from the
standpoint of providing greater i'chan'.al strength. However,
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the uneupported tape cotosed of the poly*thyletu-Vi8tanx S
mixture was more than adequate for sealing purposes, and
was sore flexible than the top. made from the coatod
fabric.

The optimum procedure for protecting seams was found to con-
slIt in eoating the seams with Vistanex In solvent (18% IO1140
In jqien) in a width~ of 1-3/4 inches over the seam area,
allowing it to air-dry for about fifteen minutes, and hest-
sealing with an unsupported tape of the plylrontd polyethylene-
Vistanox blend. Sealir4 was accomplished by marns o an
electrically heated roller assijned with a recess In the
center so that no pressure lie applied on the seam Itself.
The eettioa of the gasrant undergoing heat-&*eaing must be
held under moderate tension while the operation ts In
process. In the ese" of the sleeve, a pieee of plywood
was out to a shape to eonform5 to the sleeve•, and the sleeve
was placed on the form In such a wq that the ae an was in the
center of the plywood,

b. Suits end Hoods

Four prooective suits and two hoods were successfully fabrtoated
by S. Froelich h Sons from the previmasly pfsere4 coated feb-
rio, Two of the suits were made with cuffs on the plaeeveo
and two without. Lock-stitch Singer &ewing machines were useed.

Stitchinug was done with Dacron thread becamuse of the ease
with wbich It 1I handled on the aewInk machines and because
of Its Vrest toughness. The thread was treated with paraffin
wax tUf" usee to prevent the noodles from sticking. The
sewing chasracteristics of the coated fabric are considared
good. V'.a suits weigh ap,;rozimately two pounds, 0#ch, and
possess a flexibility approaching that of normal wearing
apparel.

Sealing of the sms of the suits was carried out at The
Connecticut Hard Rubber Company, Two of the suits were
sealed by the use of tape, coated on both sides with the
golyethylone-Vistaeex blend, In the manner described '.nder
Protection of Soma". It was the opinion of Wright Field

that the smems of these sits were too stiff, andthey requested
that attempts be made to attain more flexibility o the
seams by the uee of other mans frar seaLing. Therefore,
the other two suits were sealed with the unsupported poly-
ethylene.Viatanox tape, ilywood 1rbas were used for all
sections of the suits, to provide a flat surface at the seam
areas daring the beat-soalir4 operstion and to keep the areas
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under moderate tension.

The hoods were @*Sled at the seams La the sane manlner as was
used with the 3uits. A piece of polyvinYl plastic (msnu-fa-
ttired by B. P, Goodrich Company) of the standard Quartermaster
Corps design, was used as a face shield in each of the hoods.
The front, side anl rear views of the protective olothing can
be seen in PFaures 13, 14, and 15.

. Glovss

There were two possible approaches to the fabrication of
auldproof glo••s. One was to make a dip-ceated gloe*.
The other was to maim a glove from the calendered polyethylene-
Vistanex fabricp which offers the preatest mount of said-
resistioce, and to tape the seemS to provide protcotion.
howver, because of the complexity of the construction of
a glove, it was not feasible to tape the seams, The Initial
laborazory work on the development of aoldproof glor•0 was
therefore ooncerned with an investigation of the potential-
ities of dip-costing.

As noted earlier, it was necessary to maintain the solvent
solution of the polyethylene-Vistanex blend at a temperatue
of 1606F to prevent mud-cracking. A study was mode of solvents
having boiling points above the fusion temperature of the
polyethylene-VLs tanex blond. A mixture of cumne and xylone
(about I to 4) proved to be amce practical for use as the
h¶g%-bolling solvent than cmrner, Itself, tich was difficult
to remove from the film. Solution-cast films at the pigmented
polyehyloes-Viistonex blend were prepared for acid-resks#aua
tests. A film (,020 in. thick) cast from the mixture with-
stood expoeure to nitric said for 28 hours before penetration
of 2.5 grms per square mter. Purther work witk hot solvent
solutions of the poly*thylene-Vistanex blend led to increased
acid-resist ance.

Work done at this time on the properation of a solution-cast
film of Vistonex F-80 in toluol indicated good acid-resistance
only In thicknesses too great for practical use, Olses out
from plain Vinyono end sewed with Vinyon t1weade were coated
by dipping in Vistrxz, mnd were sealed at the seoms ti the
use of the poly*thylene-ViLtonex blend. Here, too, it was
found thot Vistanex coatings provided said-resistacce only
with a multiplicity or dippings.
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It was Zouqnd that it was not practical to coat glovos with
the use of standard dip-coating techniques. since the coat-
ing penetrates too deeply into the fabric. However, techniques
for applying the pigmnted polyethylene-Vistarnx blend to
uncoated cotton gloves without the formaticn of cracks weri
developed. A continuous suwface could be obtained by the
proper control of camperaturea during the dippir.$ and drying
"operations. The glove was Immersed in the solvent aolution
which had boon heated to 1607P. Aftar removal from the bath,
the gIove w4a •:•sdately placed in a drying own for a
period cf 15 minatos, wnile a temperaturt of 160*P was
maintained. This process was repeated until the doeired
thickness (about .012 in.) was obtained. Gloves prepared
In this manner, however, were still relatively inflexible
(Plgiw 16, Glove 1). Rubber gloves coated in this manner
(f•tur 16# Glove 2) exhibited optimum flexibility, While
the adheaion of the coating w--. considered good, iaprovements
won noted with the use of a pr:-wr coat of Vistannx in
xyle.rs

Arrmngemnts were made with S. Froelich & Sons for the
fabrication of som gloves from the calendered fabric. The
prinetpal difficulty encountered in sewin& the gloves was
that the fabric slipped in the sawing machine. Th tension
exerted on the fabric during the swing copration was not
oven. Bmahin, between the fingeremsulted (Figure 16, Glob.e
3). and the gloves were difficult to seal. This indicated
that a better mthod of fabricating the gloves should be
developed.

A -,.it was paid to the Edmont MKanfacturtri Company, Coshoc-
ton, Ohio, who are the lsgest manufacturers of coated slovss
In .he Industry. The problem of preparirg a satisfactory
acidproof &lae was discussed with them at length. A number
of peirs of gloves were cut from the coated fabric, and
seved with cotton thread. It was discovered thst it was
smewhat more difficult to sew the coated fabrio on a chain-
stbeh machine than on a lock-stitch machine. The polyethyl-ono-Vlstanox mlture btuck to the needles, and caused the •'

machine to skip. This difficulty was eliminated by dipping
the thread into paraffin wax, and by holding a little
artiatts brush, which had beers dippe4 in wax, against the
needle. The gloves wore s on chain-stib-h machines,
manufacture by the Union Special Macin' Company. The
machines had a guide near the presser foot to keep the
distance between the edge of the fabric and the seoam at a
constant predarumined value,
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After the glovos were sown, they were mounted on form5. It
is very iamortant that the glove should fil the form,, since
Urtikio cause imperfections in the coating. It is therefore
necessary that the fabric have a certain degree of stretch.
Nhen the gloves awe cut fra the fabria on zhe square, there
Is absolutaly no stretch. However, a later experiment showed
tLat the fabric ca be made to exhibit considerable stretch
if it is cut *cn the bias. Although no gloves made by this
*thcd wr*e dipped, enough work was done to demonstrate that
bias-cutting wiould p.rovide suffiCiit ot 6 t,,ch to all-Cw the

oves to fit the form and thus render them @salable by

The solvent solution of poly*thyloen-V itansz blend was
betted to 160'P. The sloves, mounted on the forms which had
been preheated to prevent any chillIng of the solution, were
then tansfarrod 1msdiately to an oven maintained at c tem-

perature of 1800%, whomr they were ellowed to dry for ten to
fifteen minites. Me process was re•eated until the desired
number of coats had boon applied. The seam of gloves made
from the caletW.sred fabric were effectively sealed by this
dlp-ooating process.

Sam nooprone-coated, woven fabric gloves were used in dipping
experimnts to determine lhother the polyethylone-Vistanox
mistuie va" oixere satisfactcir1.y. The results were good, and
the coating could be poo)od off the twoprere only with diffl-
oulty. It was believed that even this adhesion might be
improved by the use of a base Coat of stralght Vistatex as
a birawer.

Arrangements were made f or the Edeont Manufacturing Company !
to supply Tba Connecticut Hard Rubber Company with knit-cuff,
ueopune-costed, cotton flannel work gloves, som having only
a li•lt coating of neoprene to prevent the polyothylano-Vistanex,
subsequntly applied, from flowing into the fabric, and so"n
oarrying a standard neoproen coating (.0,0 in.). The gloves
having tI* light coating of noopreeo wore dip-coated in a
hot solvInt solution of the polyothylone-Vistanex blond at
The Connecticut Hlard Rubber Company. While the adhesion
of the ooatALng to the neoprene was not as good as it mliLht
hae been if Vistanox bad been used as a prl.r, the glove*
looked quite proeising.

One pair of these gloves and two pairs of white gauntlets con-
alstini of the rama material used in the suits and noods, which
haed been multiple dip-coated in hot solvenrt solutions of the
polyethylore-Vitmoex blend to provide pro-ection for the seems,
tire shipped to the .ri•ht Air Development Center.
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In ti- e*arly at of work on thi. pro' :t, Teflon Wd

XCl1- wor* thought to be the mos' promising aatexr.sls for

the devolopmnt of fabrics whW A would Lo resistant r.*d

imp*nimablo to oxidising agent& and fuels used in Snd

missiles. Thosa matetrals possees excellent chemical real*-

tets and some flexibility, a characteristic necessary r f
protective clothing. Th chemical, physical and methanilal
prov+•'r-Ala of Tef-rm nA e MI-7 are discussed In the U~torsture

Survey, 2. eroportiss of the Fluorocarttorv jn.-.

Since wunit fuminp, nitric said Is one of the more severe

m tarials of those specified for use in the testiN of the

fabric, it was felt that lbp.rmeabli!Jty to this sold wuld

be the best criterion of its resistance to chemicals,

As a preliminary stop lI the evaluation of Mt5O materials,

a number of permeability test* were run on commercial films

and filrs cast from cowwrcl4l. dirporsions.

In the case of extruded Ms1-P files, the resistance to sld-

penetration was "xtremely good. In one case, a ihickness ct

only two mils was resistant for ovar 400 hou'r (?•iu.e 17).

A second sample was considerably inferior. It was thsrefo.e

concluded that a thicknlss of two mile Is satowhat below the

M iniama thickness for safety against penetrction of nitric

acid, wtoreas seven mile is perfectly safe• Fil. s cost frM

highly plastlCised Kol-P dieporsions also showed a hil,

deSree of impermeability, as will tb seen later. Sp.01fl5

of T¢lr.i film made oeth by setru.sio 2nd b. shaving from

a block showed relatively poor said-rosistance (FiguZ' l6).

Tefofl is extremel7 resistant to attack by chiemcals, bqit the

Peri*sotlity to.,&es indicated a microporous structure. In an

attempt to pluq these holes, a number of ccmmeroal an4 cart

films were treated with low molecula.r weight halocsrbon

griases and wales.

Coemerciel Teflon flLns .003 in. thi1a were pilwed In hot

malts of ?-'4-7 waxes jp4O and e150 and Xliacarbon Wase 10-00

and treated at 300"F for onA hour. Renoval of the films

from the hot -e*ts of the v150 and •a0O wsxes resulted in

the Impediato solidification of the waxes, making ýt nocS5iary

to wesh the films before testing. In thO case of the #10-O00

the brittle aeposit of the wax could be peeled off, showing

lack of interaction at this temperature.

T7et results on these filmd 2.kowed onll a eli.cht improvement

•,1'1urq 19), so two other sets of coumwrcial '.efloln films,
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.006 In. thicko were treated, as above& but at temperatures
of 400'P and 480*P for onr and two hours. The films wore
washed with toluene and tested. As shown In Figures 20 and
21, there it no significant improvement in the acid imperme-
ability of films Impregnated In this manner.

Attempts were then made to form Teflon films from coppercial
dispersion*. An aqueous dispersion of Teflon was brushed
onto clean stainless steel plates. The plates were placed
in an ovn at 1OO°C to evaporate the water and then placed
in an oven at 7200, for five to ton minutes ruaion. Te
plates were removed and quenched in running water, Additional
coats vire appl.ed until the desired thickness was obtained.
Permeability test results (Pigure 22) were poor, showing
these Teflon films to be porous.

Steps werd taken to repair the microvoids in the film. A
film of Teflon was prepared, as above, by fusing successive
deposits o) particles from dispersion at 720°P . alooarbon
wax gpl-0O0) was then melted and brushed on the surface of
the Teflon film, and the whole was fused at 7200F for five
mlnutes. On removal from the oven, the film was quenched and
tested for ecid-peorability. The results showed a slight
Improvement over the plain Teflon film (Figuro 22), Uther
untreated Teflon films, graphed in this figure, show decreas-
Ing perm ability with increasing thickness. However, in no
case was Teflon resistance comp&rable to 0l-P.
As was mentioned previously, extruded films of Kel-? withstood
nitrco acid penetration for over 400 hours (FPigure 17).

Initial workt on east Kel-P films showed poor sold-resistance
due to porosity. In order to make films that wuwld be less
porous, several methods were tried, as follows: first, by
fusing at higlor temperatures, secondly, by plasticising with
lower molecular weight Eel-P polymers in order to lower the
fusion tomperatuwe, and lastly by plugting the microvoids with
materials which would be readily soluble in ordinary solvents.

To study the effect of high-tomperature fusing, a heavy deposit V
of unplasticized hal-F dispersion was fused on a glass plate
for 15 hours at LOeF. The surface was craciod In places and
showed some surface irregularities. The film was thrn placed
In an oven at 60OP for three hours. The film showed no I
improvement in surface characteristics and was slightly more
brittle. ThMi film showed poor acid-resistance (Figure 23),
and it was therefore concluded that the dispersion method
of producing Kel-F films was not feasible without modification.
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r
Attempts were then made to cast Kel-P films from highly
laticized dispersions. A low mole cular weight pOly?=r
Kel-F 040) wae mixed with the dispersion, the amount of

#00 being calculated to be 50% of the weight of the edids
in the dispersion. The dispersion was diluted with an equal
volum of toluone. Films were cast by pouring the resultant
mixture onto glass plates, allowing the solvent to evaporate
and then fusing at 4800P from 4 to 15 hours.

Films cast with this plasticized dispersion showed great
promise. Films obtained through the fusion of or* deposit
were on the order of .001 in. thick and aiowed little or
no impermeability. By the use of multiple coats, films of
,002 to ,003 in, were produced which showed a high degee
of Lpersability (PijAre 23).

Veleform, F-10, a copolymer of moeochlorotrifluoroethylens
and polyvinyl chloride (Procedure Ks Appendix) showed
moderate resistance to penetration (penetration of 205
Ws. U0 3 /sq. m ,er, 10 hr..).

Since the rmeability test on Veloforn showed fairly good
remAlta (FSure 23), atte'ipts were made to plug the Micre-
voids in the cast Kel-P films with this material in the
following manner. An unplasticiSed hel-P dliperslcn was
poured on a plate, and the solvent was allo d to evaporate.
The resultant deposit was fused at 1480* for 15 hours, and
a film approximately .007 in. thick was obtained. This film
was coated with the Veloform solution &nd allowed to air-
dry for 214 hours. Permsability teots were then run. Tlbsr
was a marked Improvement over both the Velof arm film sad the
Z&jt unplasticized Kel-P film (Fi 6 ure 23).

;.n all eases the extruded Kel-P film was the best, being
resistant for over 4O0 hours, while the plasticised 4el-P
film was next in line being resistant for over 60 hours
(Figure 23).

PeFrmability data obtained with cast films revealed that
various materials showed wide differences In behavior. Poly-
vinyl chloride, which has boen used in fabricatinA the pro-
tective clothing In present use, was found (Procedure I,
Appendix) to possess very poor resistance to penetration by
fuming nitric acid, even when unplasticised (penetration of
2.5 g os. HN0O/eq. aet-r, .5hr.). At first, it was suspected
that tto solvent ai&ht be causing the rapid permeation, but
efforts to Increase the impearmeability of polyvinyl chloride
films by heat-treatment (Procedure J, Appendix) were unsuccess- as-
ful.
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tigure 24 shown the rate of penetration of nitric acid into

varlus polyvinyl chloride materials. Curve A represents

some olive-drab sult material obtained from Wright yield.

Curve B is the white suit material being used in soom of the

Quate4omater Corpse suits. Neither of these fabrics has

satisfactory resistance to nitric acid. Curves C, D and E

represent aolutlon-cast films of unpliasticized polyvinyll

chloride, air-dried and oven-dried. The data upon which

these curves are based may be found in the Appendix, Table

6.1 through v.

?I Ur 25 is a graphic comparizon of the resistance of

chloride, both as coatod fabric ana unplasticizod

films and the resistance or a solution.-cat film obtained

from a mixture of 30 percent Vistanex and 70 percent poly-

ethylene. The data upon which these curve are based may

be fowUd in the Appendi•X TableS 1, 1, 6, 1v ud 6# vi.

TS ability of Vistaeox, a material which has poor ssistanfo

to nitric acid, to overcome the porosity of polyethylene

led to the investigation of ant.her material as a possible
additive to polyethylano, steps were taken to prepare bionds

of Valofcm, and polyethylens In the sane range of concentra-

tion as Viftanox-polyethylene blends. However, so many dif-

ficulties were encountered In obtaining homogeneous solutions

or dispersions and in the casting of the films that further

inve•ti4ation of this camz&nation of materials was abandoned.
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D. Glass •ftbricS coated with Kal-P

AU was mentioTOM previously, Teflon and Kel-F p0os 6 39

excellenit chemical resistance and rssaoiaoOls rexibility,
but they are lachmica in physical strenth particýularly

t ha are' stanca, an order to improve the latter, a roinforc-

ing fabric is p•cbs*5,-a.

There are two methods in widespread use for the €oetIng
Thr fa"rS twoit plastic coatitio. The first, to convert

of fplasti to a wit) or L1Aqq,.dA consilteancy and to
the plastic to a liqd . .and than c.use it to resolid'iY,

spread it over the fabric me o e t.. preViouslY

usually allsd coating, e otbr, to 4" 
a i

prepared filA of the plastic and to adhere it to the fabrio

by Mans of a suitable 6dhO~iV Usually Call d •i ed inatin.

The lamination of Teflon to 6laS8 fabrics is Cdsc d In

the Litrst survey. 3. Fluorocrbon Lainates.

In the case of gel-F and Teflon, the chemioal inortns*a
3 and

Intempatu stabilit7 which are to advantageous from a

us. standpoint prove to us a definite handicap in processing.

They do not soften at ordinar. processing tempsratproa and

therefore it is rnecssay to roach temperatures approachIng

their dscom4position point before Poftenini occurs. In the

case of solvent spreoding, no satisfactory solvents are

available for the#e materials. Thus, the only satisfactory

method of fluid costing is oy =man& of dispersion& of very

small discrete solid particleS in a suitable liquid.

The tea.lnique of using the dispersion is to spread a layer

of the liquid over the surface to be coated and then allow

the dispersion medium to evaporate, leaving a lo4or of

a*rticles held sufficiently strongly by 
attractive f-s-as

to keep then from falling off. In order to form a continuous

film, trA particles must 0. Joined by fusing theta. This

impose* a limitation which 
has oonfinad the experiments

to gless cloth; nasly,that the fuslon conditions are far

beyond the temperature at which fabrics made from organic i

materials decompowe.o

Initially, it appeared that a glass fabric could be coated

with a layer ot Teflon or Kel-F from a dispersion and the

coating fused to malm a continuous filu. Aiber1las Cloth (18) 1 8)

was pretreated to remove the starch and binders, and four

dip-costings of 75 percent Lel-? dispersion (3i.% solids In

xylol-) and 25 percent silicone oil (9916-500) were applied.

The cloth was passed tnrouwh doctor bisdes after each coatinfg,

and fuled at 510OF for 15 !-anutts. A final costing of plain

Kel-F was then applisd, and the Aioli wal fused fcr 30 minutes ,

,at 51I00 P.
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Addition of silicone oil did not enhalice the flexibility.
Opttiua rsaults uore obtained when each coating was fused

instead of s"mizr'ed, as in the case of the Teflon dispersiono.

Where oil was included in the coating compoundsa, the fine-i

coating had to be plain 1sl-F, or an extromely oily surfate

resulted. The samples failed instantly when tea•se' f.r nitric

acid resistance.

In an attempt to increase the resilienoy, two .amples were

made from a dispersion containing 20 percent silicone oil

and 80 percent Kel-P dispersion. its ;rocessing waa sIAlar

to the previous experiments, out only three coats wore apppliod,

with a final coatlr% of plain 1el-P. Final fusion was at

550•° for half an hour . This Increased fusion temperature

gavy a well-fused sample, but the resiliency was not Improved.

The next experimnt was to determine If the ooating of one

side of the glass cloth would increaso the nitric acid
resistn'e and flexibility. It was believed that by this

method there would be no possibility of entrapping air, which

results In porosity. The cloth was also lubricat-d before

coating to promote greater flexibility. Olass cloth (108)

was pretreated, then Impregnated with DC35 (an aqueous

silicone oil disperason), and semidried at N O° for 30
minutes.

P"ur coatings (•Iel- dispersion, 9C•, Silicone oil, lcl)
were applied to one side of the Fiberglas, each coating being
fused at 5100P for 15 minutes. Two final ooats of plain
1.1-P woe then added, and the sample was fused at 5O0?r for

30 minutes.

Lubricating of the fiber* increased ths flexibility, tbat

it was now ;*finitely established that the addition of a

siliconr oil to the coatinr dispersion was of no value in

this respect.

A lono-weavo, marquisette-type fabric was then processed,

the silicone oil in the coatinq dir•persion beinrl replaced

by a Halocarbon wax (10-00). This fabric was dipped in •i•e

mixture of Halocarbon wax and Kal-? dispersion, and the

o ,cess coating was removed by doctor bars, When the sol-

vents had evaporated at room te-l-irutUra, the coatinig
was fused at L80 0F for 1 hour. . -camsS was repeated

to obtain a continuous layer of 12.-I particles. The

fabric appeared to be well sintered and free of pin holes,

bu' was too stiff for clothing material, so aoid-permseability
tests wore not run.
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In order to limit penetration of the dispersion into the
fabric, and thus improve its fle.-Ability, a Knowlton Tabld
Coster was used to coat a number of different types of glass
cloth on one side only. The glass fabric, as received, was
tightly suspended across the coater. A mixture of one part
Halocarbon wsx (10-0u) dissolved in toluene and two parts of
Kel-F solids as a 32.7 percent dispersion im xylone, was
poured on the upper side of the cloth. Excess coating was
removed, and the thicknass was regulated by drawing the
scraper blade adross the fabric. The oulvents weor allowed
to evapcato at room tcq-erature. The fabric was then
suitably supported and placed In an oven at 480*? for one
hour. Multiple coatings produced a film thickness of from
.003 to .C05 inch. The coatings were well adhored and
continuous, but "papery" to the touch and unsatisfactory
l'or wearing apparel. Nitric acid pewability tests wore
also unsatisfactory.

Of all the types of glass cloth Investigated by this method,
the greatest flexibility was obtained with a leno-weave,
marquisette-type fabric.

As the fabrics prepared brr the aforsmentioned methods possessed
low resistance to nitric acid penetration, a technique was
devised to cast a film on the fabric. A sention of narquisette-
typo, glass fabric wiL placed on a glass plate, bordered
with glass seging. Over this was poured a dilute mixture
of Halocarbon wax Kol-F dispersion. colvonts were evaporated
at room temperature, and fusion was accomplished at 4BO°P
for two hours. Fabrics coated by this method were impregnated
on only one side, and thus were quite flexible, but acid-
por-thility was unsatisfactory.
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E. Glass Fabrics Coated with Teflon

Similar attemptz were made to coat glass fabrics with
Teflon. The coated fabric was made by thoroughly soaking a
heat-treated glass cloth (Fiberglas 116) In an aqueous die-
persion of Teflon (46% solids). The fabric was then manually
drawn through scraper bars to remove the excess coating, and
omifused at 6100? for 15 minutes. Six coats were applied

In this imanner, and the sample was finally completely fused
at 7200? for 15 minutts.

The resulting fabric was stiff and boardy, and although the
coatiLg appeared to be continuous, subsequent tests showed
"poor acid-resistance, Indicating microporosity. In an
effort to improve the flexibility of the fabric, a silicone
oil was added to the Teflon dispersion.

Expoz"-ments were conducted, using 50 and 20 percent silicone
oil (99o6-500) by volume with Teflon dispersions. Five
coats were applied and somifusod at 610 0 7. A sixth coating
of plain Teflon dispersion was then added, and the whole
was fused at 7200? for 15 minutes. The resulting fabrics
were more flexible, but the surfaces were oily. Pinholes
were visible in some cases where reat aounts of oil had
accumulated. Both fabrics failed to resist penetration
of nitric said.

It was thought that if a lighter-weight glass cloth were
uaed, aore resiliency would be imparted to the fabij.j.
Fiberglas 112 as well as 116 were coated with Teflon dis-
persions containing 12 and 15 percent siilcone oil. Three
coats were first appli.ed, as previously mentioned, with
@OmVfiisin o nwoo coats, then the final three coats of
plain To flon dispersion were added in the saei manner. The
final fabri i was fused at 7200F. Samples prepared with the
lighter-we•ght cloth& were more resilient, but still did
not resiet nitric acid.

Tests were then initiated, replacing the silicone oil with
an aqueous dispersion of sillcone oil. Fabrics were pro-
pared, similarly to those mentioned aboys, but using 10
12, 15, 21) and 25 percent of DC35B in place of the 0994-500.
It was noted that oil globs were absent from the cloth
bocause of compatibility with the Teflon diapersion, and the
flexibility was improved. The number of coatings was re-
duced to four when it was noticed that an even lighter glass
cloth (108) gave excellent "strike through" and a good con-
tinuous surface. The final fusion period was increased to
6C minutes, eliminating some of the pinholes and giving a
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better :usad sample As a result of them a ; arious changes,
the samples were eapable of resisting fuming nitric acid for
three hours.

In every came, the acid-resistance was not satisfactory# tnd
It was concluded tniat unless now types of Teflon could be
found, no further work would be done, on this product.
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1

W-Pe.. Glass Fabric. Silicon. Rubber Lardnatee

The previous section described dispersion methods for
coating Fiborglas cloth with Toflon and •ol-F. Both dip-
coating and skin-coating resulted in too geat a penotratIon
or even strike-through of the dispersions, resulting In
boardy or inflexible fabrics.

In an attempt to khop the dispersions on the surface, glass
fabrics were first primed with a silicone rubber, and then
coated with [ol-P on a Knowlton Table Coater.

Cobrlastie, a product of The Connecticut Hard Rubber
Company, is Fiberglas coated with silicone rubber. The
Fiberglas side of this product was first cleaned with a
rotating brush to remove any silicone which night have
struck through, end was than placed on the coater with the
Flberogla sld* up. A mmAlfied [el-F dls•;orsion v powed
on, and the fabric was coated. After drying, the fabric was
fused for one hour at 48•OF. Two samples were prepared in
this way, one with four coats (Fliwo 26, Curvo A) and one
with fIve coats (Figure 26, Curve 3). After the final fusion,
the fabrio was placed in an oven at 4f0" for fiftuen ainutes.
O removal, it was quenched in water at 20 0 -2otC to retain
the flexibility of the [el-P.

The use of a fabrit, previously coatod with silicone rubber,
imroved the flexibility, but the presence of a molecular
film of silicas on the exposed side of the Pibergla ro-
sulted in poor adhesion of the Kol-P to the fabric.

In en attempt to overcome this lack of adhesion, Dow Corning
Mlastic (R 125) silicone rubber, dissolved in toluene, was

thinly applied to one ewface of the fabric, end iiedliately
inverted on the coator to prevent excessive strike-throito.
Curing of the fabric was done in the usual silicone cycle.
The costed fabric was then coated on Its glass surface with
a plasticlsed Kol-P dispersion (one part Halocarbon wax
10-00i two parts [.1-F solids in xyleno). The solvents woer
allowed to evaporate, and the fabric was fused at O480F for
one hour. Addittonal Koi-P ooselngs were applied In this
marner. Various types of fabrio, ramning from Grade #128
to #108 end lono weave were prooessed by t••yi nothod. An
Improvement in fl•xibllity was noted in all cases, but a
decrease in adhesion of the Kol-? to the glass fabric re-
sultod. No gain in nitric acid resistance was apparent,
perrmability values beln" of the smae order a thosa de-
tornined for Xel-? coated fabrics without ul'Icor.# rubber
backing.
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I nmaboP of 8ImIla• experiments yore then ru• In •d•lch
elght-•l film, Of plaatl•Laud K•I-F dispersion wars east
on the rubberized Klaso fabric. The Knowltcn tearer was
ttsed, but eliOt-roll ohtnuJ wore placed at the sZdes, the
kztlfo being used to spread the f•J.lme evenly. After solvent
evspoa-attQn• the fabrl¢ was fused at •80°F for one how.

The fllma vote well 81ntored L•d devoid of eraoksj but no
tn•ovee ent in floxtbZllty over sklm-coatinK w|;s notedj m•d
nitric aeld pormoabZ1Lt7 re4 •satisfaetory.

At this point of the lnvostl$atlon, no satlsfacto• tooh-
nique of ¢oatJ.nK f•om a dispersion n•d boon developed.
Thel.efo•o an experiment was instituted to la•tnato plsJt£-
else4, e.•t.z.•wl•L IC•1-P l'•.laa and l•b•slu.

r

Si
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0. Lamination of Plasticized, Extruded Kel-P Pilm to
Olass Pabrics

A technique wasn developed by whiich an extruded, plasticized
Kel-P film (frithene) was laminated to a glass fabric. A
satisfactory bond between the rabric &ad Kol-? film was
obtained, and the acid-pormeability of the fabric was coupa-
ruble to that possessed by the unsupported film. Acid-
permeability curves for two or those fabrics are presented
In Pigur 27.

The Initial samples were obtained by laying an extruded
Xci-? fi)la ovev leno weave. glass fabric and heating the
laminate In an hydraulic press at 350o7 end lSOO0 pai for
three minutes. Satisfactory material was also obtained by
placing the Kel-?, glass fubric lwtinat. between the rubber
surfaces of two pieces of silicon* rubber-coated glass cloth,
applying a weight an the surface equivalent to one half
pound per square Inch, end heating to 4j8 00F for three hours.
A third method was to wrap a mandrel successively with a
sheet of siliccne rubber-coated glass cloth, a layer of 1.1.1
film, a layer of Ftber~laa and a layer of silicon* rubber
cloth, The asseimbly was Uiio wrapped with ?iber~las tape
under slight tension end heated to 4j800 7 for thirty mlinutes.

Fabrics produced by the above methods represent the mintiwin
penetration of the coating material Into the body of the
fabric. Although theme fabrics had the best flex charac-
teristics of any Kel-F'-coatod glass fabrics whiich had been
prpoared, It was the opinion at Wright Field that they
stil1 lacked the flexibility end drap* required for the
fewrleation of protective clothing*

At. & conference with personnel of Wright Air Developmtent
Center on December 9, 1952, It wasu decided that In view
of the relatively short exposure, time anticipated In actual
use, absolute acid-resistance should b* cootromisod for
greater flexibility. As a consequence, all efforts wore
concentrated on Seveloping fabrics coated witL polyethylene-
polyisobutylone blends.
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C V.

UTERATUM AIMD PATE~?T SURV1~

A. ULterature Survey

1. Prmen&bility 4

1ieril awd Hershberoerr (11) have written a very fine report
on their permeability studies or sixteen pol7meric films to
organic vapors, together with a olear suwmary from previous
literature of the =schhism of and factors affeotian permea-
tion. Their data record permeability constants as measured
In Thving-Albert vapometer cups and are defined as moles of
vapor passing thrugh one sqwwe centimeter of film having.
a thlikness t one centimeter per second per centimeter (US)
vapor pressure difference corose the film. Althou L hthe
permeability of vapors Is of some interest, a major concern
Is the permeability of films to liquids, particularly to
fuming nitric acid. Their testing methods and specific
results need not be discussed further.

The authors summrize the theory of the meohaniiu of the
diffusion at small molecules thwou membrae as Involving
three prcesses: passage of small molecules thrroauh preformed
holes r capillaries; clffuslon of snal maole•uls through
tempera,• holes foamed as a result of thermal motion in the
polymer chains; mnd diffusion reaulting from the Interaction
of dIrfuasig molecules with active spots in the filme In
the last of the three, a diffusing molecule attaches Itself
to an active spot where It vibrates until it acquires suffi-
cieat energy to break loose and traverse farther to another
m tlve spot or on tbwculi the ilme. The authors conclude
t•at the first method Is at little Importance In **!I-
6 came4 f•zls. They state that hole formation and therefore
diffusolo Is Increased In compounds containing baky and
nonpolar side groups. Permuetion can be expeoted to be
greater whore the film and the diffusin4 molecules have
similar stu•aottr, particularly regarding polarity, because
they dissolve each other we reedily. lihe presence of
polar groups redhoee the solubility of a nonpolar gas In
an organic liquid, and conversely, polar gas maleeula.
dissolve mo" readIly In a 1lquid with polar molecules
than wthout pola? molecules (3). SIL•wl and Hershberer
also found sona correlation between permeability and dipole

Polymere having stronq lnterchaln banding forces (such as
nvlan) ezhibit low pormeability, as coe would expect because
there are f;;wer holes. Increases in .1aporsturt, of course,
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Ilnoreae theral notion of the polymer ohew a"d therefore
increase the rata at diffusion.

"Mhe effect at the sddition of a plasticisor to the filmcompound way either inoroas* or decrease the permeability*

An Increase in permeability may be duo to increased e4se
of holo formation or to an Increase in the solubility of
the dift•sing m9ooulo In the film. A decrease in the
permeability can be brought about by a leosseng either
in hole formation or solubility. If the plastiolscr Is
similar in molecular structure to the diffusing material,
the latter will probably be soluble in the film aend diftu-
slon will thus be groateoe

Myers and Phillips (8) state that sclvonts which do not
attack or dissolve a plastic may still migrato through It
at an appreciable rate. This rate Is dependent an tbo
properties of the solvent mid the mmbrano. Myers mad
Phillips canduoted a study of the tra•hmlslon rates ot
many oansio liquids tbraush polyethylene film, neoprene,
polyisobutyloae and several other materials. Polyethylone
was found to be superior In general, as reoards Inpereability.
The transmission rates ot polar and nnp•lar compounds were
found to be inversely proportional to film thicknesso and
directly depmdent an time and an 9!Mponntlal function of
temperatures The transmission of the organic vapors was
oonsIdered to be an activated diffusion process, and SOn-
formed to the fundamental difftsion laws for fixed gasesthroudh organic high-polymer film*,

loirlo (9) points out that polyvIql alcohol plasties are
entirely unaffected by gasoline and oils@, bt are not
resistant to acids or alkalies. Iouwink (4) states that
the prmeosbiiity In hl~i polymers of gsses or liquids depends
an the S.oduct of the solubility and the coefficient at
diffusion* Stout, Ooesmn ard Kealey (12) state that two
factors affect the permeability of elastaneras solublity
at the gas In the polymer, and the diffusivity within the t
polymer.

2. P perties of the fluor4eoarbn fol3ymorm

The class of fluorocarbon polymers exhibits a unmque cmb-
bination of propsrtiest hlM heat-resistanoe, groat stability
and chemLoall Inertness, oxcellont electrical Insulating
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characteristics, noninfl!mability, no water absorption,

high humidity-reokistance, and "t•ung inertness," .eo,

natural resistance to fungus growth, states J&vits ( 5 "
?bwh the materials are exponslve on the basis of prioe

per pound, they are more economacal in 01ny applications
than previously used materials because they have such

long life and because they often allow the over-Sll alse

of equ±iment to be reduced.

%to two important rluorocarbons areo polytestrslluý-,ro

ethylene and polymonokl lorotrifluoreethylone* The former

has been developed by duPont under the trade name of Teflon,

and the latter is knrDwn commercia1l7 as •oel-? (•OW4o•ello Co.)

wid n1uorotheno (Carbide and Carbon Chemicals Corp.).

A cautious cocparison of the two would reveal thst TefeLn

has sonwsehat superior electrical propertles and bigboe

heat-reslstanoe, whereas Kel-F has somewhat 6uperior

physical properties. Sohildimecht (18) discusses the flucr@-

vinyl polymers.

According to Javitz (5), Teflon's thersl stability son be

considr*4 as 25*oC for most uses. At this continUous

temperature, it loses only about ane percent of !ts tensile

strength per month, DuPont chemist: consider that it can

serve in special applications at temperature# up to 300oC,
tho*u in tests it loses 10 to 20 pot'ent tensile strienoth

per macth at this temperauuso. It does, however, exhibit

,-At1rable changes undsr temperatule extrmes ouch as

relatively high thermtal expansion and dovsira•le cold flow.

Teflon Chxemical fvoperties

There ti no known .olvent for Teflo• over the temperature

range from minus 1956C to above 327*C, its sintering

~..i, ~ it l~ is e aray by molten alktali metal
an4 ay fluorine and chlorine trifluorid, at hit tamperatuwoe.

It ii chemically resistant to oal concettrated acids

irnludlnx ttinS nitri3 acid Thaere are no detectable

cfaf65a ftn cortdriuueI wea~)isring for f~u~r yeare (Fla.),
and the water absorption is 0.0 when tested according to

the As.S.eT* mothod.
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Totlon Mechanical Proportion,

The tenslel strength of" Teflocn is not particularly high

(1500 to 2500 psi), thoux# In oriented film it has been
recorded as big% as 15,0O0 psi* it •e "•,oeSrg innsantcou
deoozma~,lan under oop•z,.aicn, and has excellent .Raitie
mmory If reheated to its transizion temperaturo.

Its solid-phase transition point is shsrply defined at
3276C at which temperature It beocomes an amorphous Sel.
At 4016C, It begins decomposing to the gaseous mcnomer.
Wien Toelca deocmposes, gaseoua fragments break o•f at the
ends of the polyaer chain* This Is Ln contrast to what
happens to Eel-?, In which case the chain breaks In or
near the middle.

Minnesota Mining and Manufacturing Company (10) of St.?aul,
l,1eosota, repoet of their NPTP1 film, made of dW1ont
Teflon that Its physical properties are stable from -1000P
to 5064, and that It has excellent resistance to cold
flow mder pressure, low shrinkage, and good ela3tiO moary.

The nmerous dutont Technical Bulletins about Teflon, put
otat by the Folychmicals Department, report these san
propertles.•

Rel-? 2hyyics% Proportlos

This polymer has four-fiftha of Its weolht in the two
halogens, fluorine and oalorine, [ol-F has thesral stsbilitt
to a continuous tenperature of 175' to ,T0OC. It exhiblits

less old flow uWov- compression than does Teflon and has
very goa4 recvery without reoeatirng. Its thrmul expansion
Is less t'han that of Te•lon, but at 2004C it has no flarural
strength (5).

Mel-P Moeh•Anical tropertis

The tensile strength of unoriented Kel-? Is 5,7LO psi, and
In oriented film it reaches a high is 30,000 pso. Oriented
film is a film that has boon stretched to a fine %bin ti'ip.
This readers the loan-chain molcoules closely aliened
parallel to one another,, whoroes in the original unopiented
film they are in r",.cm arrangement, The hardoes of st.-P
cen be varied considerably from soft and reslliant ý-o tough
and rigid wvthout loss of stablil-ty, merely by varyin4q the
htat trentaento quenching, ropid cooling from 4250 to
300P, Inorossee flexibility and transparercy (7). Ta.
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degree of opaqueness also varies with the heat treatmeent,
Kel-P shows some crazing at low temperatures (5).

It has superior molding charaoteristios, being easily
molded by compression, tr.-Afer, injection, or extrusion.
The molding temperature must be carefully controlled,
hwwe-vr, sin•e at 315"C it starts to degrade (5). Dimenasional
stability is assured by &anoaling for Z4 hours at 2559 (7).

BoleHMaddock (15) of Uvn C a'xbde and Carbcn Corpcration
has discussed Lhe extru3ion of Flucrothene filma in ome
detail. The prop6rties of the f ls are surveyed, and It
is shown that strai!!t dis extrusion and very rapid
quenchinr of flat film produo. isorovements, in clarity,
fle-ldbilit.y a&d low-tenperattume brittleness. zto film
Is Jewse 6.s&s-ctory tha.! that obtained by air-cooled
tubular •xtmslin which ooo01 the film rather slowly. The

improvement can be difetly attributed to reduced
arystallinity.

F. Dexter (16) has o~tiined several methods of resin class-
Ifleation by plasticity toot*. A brief' outline of the
theory of flcw of molten poal-mors is given, alng with a
general discussion oC the eval ition or such plasticity
data. A survey or the parsllel plate melt viscosity and
No 3trenU Temperature (N3T) Is Included, and another
test similar to the Molt Index Test used with polyethylene
Is doscribsd. (The HW.Kollos#Z Company has recently annioioeu d
a superior method of testing Ae1-P, which s• called tk ZW?
Test).

i.Ve.Merek (07) has outlined the deeIgi and toot procedures
umse in making nitric aoid expellant bases and the elimIna-
1.1w, cf fold.i and wrinklea which eventually cause leaks*a
This was acocnplished by proper doeip ot the bladder*
Several photolraphs end diagrams re Inoluti*l which clarifty
the dasign prcbleiase

xel-r Chemical fropertles

Kel-P Is chnlemilly inert, for all practical p••poses. It
is unaffected by )r~anio solvents and has good weathering
resistance (5). It i. resistant to concentrated acids#
tnnludins fum nitric aeld (6). It Is slightly swelled

and plastle d Lf Ty-a-jl otenated materials ind some
AeromaTitz- (6).

wADC TR 54~-936.
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3. 7luorocarbon Laminates

Javita (!) reports that successful laminates to glass
fabriqs have been made which lncorporat6 all the desirable

properties or the polymer. The iLpftgpato fabrics have

boom produced in oor.tinioua rolls. Ltminatoe con be oco

po oded Into heavier struotur'u. Javits alo states tb•t

seem wpot was bein4 done at the tins of writang (1950)

with developmant of Kel-P luminates*

The folychmic ale Department of duPont (13) reported early

in 1952 that MMny porous structures have boon irpreonated

with Teflon dispersions. They state that, buaicolly,

lrmInaticn merely consists of oastina a f1im on a disocntin-

v " surfaco- They have maU bai• ooat•ja • - glass
or asbestos fiber cloth. In order to build heavy homofeneou

coatixgs, It is neceessary to make waltiple dippingr# with

bakting betwOen*. soluble electrolyte@ should be washed OUt

of the fabri- before ooating with Teflon, because their

prosenoe might cooaLlato the Teflon. Strens laminates can

beade by stack izA the ispreopifitod fabrics an 'ýhan bLeing
urnder phesoeur at 6?75 to 7000F., Lose heat-rolistaent fabrics

can also be laainated by successive dipping and drying

o~orations withlou. sintering. Application of pressure

before or after each drying imsqroves those laminatesO

V's•kg Cwpopation (14) reports successful lamination of

T.lthoene (Wisltng•s film of mcnochlo1otriflucroothylete
poiy•me) to ilasd fabric, cloth and canvas batting, stainless

stoel, 91.ulinum, and metal cToern cloth&

4. '"emioally Resistant; Prot.ective Clothing

Viskin; Corporation (14) suggests that Trithane be used to

rabrkoato chaetically resistAnt safsty clothing i,
Allison (1) has reported exoerimente to find a high situr-

ttof elastomer for use in protective clothing for chemical

lxpoUr". He *onaludes that of the materials tested, butyl

rubber and butyl-Vistalex blends show the hitodt chemical

resistance. Three typotA of resistsance tast to fumfing-type

aoide wore usods (1) total ir~orsio1 as a screening t#3t,

(2) static penetration, and (3) d.na•ic ponetrstione. In

the latter two, an irdicator on the other side of the film

was sisod to sho•i the prostoce oXf %nid vnpors. Teot re:.ults

wore Siven as the time in minutes until sufficient vapors

-4AXC T• *;t-93 70.
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pecetrated the film to affect the Irdlcator. In the total

I sion test, butyl rubber was found to be superior to
Kel-F ar• polyethylene plastics. The Kel-P tetoed was

imsupportted film, and the Tenon was gaskov Vatcrial and
laminated Fiberglas cloth* In the static poeftratim test,

it was found that failure time varied linOealy with

increasing nmber of layers thickness of the spoolmene

3ohildknechht (18) discmea exten•ively the ohemical end

physmial properties of both polyethylene an" Vistanex.

B. patent Survey

The follouing U1%ed States patents deal with the mnu-
facture and compounding of chlorotrifluoroothyleno polyner.

V.S, Patent e,531,134 (15) Dimethyl Phthalate Solution ot
Aootyl Peroxide a Catal•st for Trifluoroah rooethylame
Polym•rization (31-l2-50)o
I@o Lo "ra mA Jo J. Pl~bur7 Of Amric1an CywsnA-l COWW)y

have developed methods of making halogen-substituted
ethylenee, pawtiolarly trjfluowoohloroothylren, and polymer-

slung then to r'dilj molded ma skapod polyerse. Prooeses

for obtaining MZ-s yields of the hiS-molcultar-woight
poyners veore developed.

U.S. latent 2,600,802 (19) obtained by the K.o.Kellogg
Copimy, deals with plastiolzed tri1luorocholrmothrl one
polymer

1l.S, Patet 2,160,6014 (ZO) Prvouction of Chlowotrif•-uor-•
othyluo Folone -In-I4onoer Slurry (6-17-52).

JoSRoaziek or the N.O.Kollogs Company has develope a
"vontimous phboo-_. for the polmoerlsation of polyf'luao-
3lofine to produce nonmily solid polme.r e
develop"•den improved manufactingt proes#s mad apparatus
that will eantrol mor elosely the roact•.i t•a•eraturt
at t pal7wm•isatio. and improve the "quantity and
r~produoibility" and Inocreae tho yield of normally solid
polymre. of trifluorochloroothyletee

The monomr for pol•ew rsation, a poiftuovchlouo-olofin,
Is obtlned by dlchloinating a saturated pqwfluoroOhl.wo-
carbon in the prMesnon of a mtal halide. Substantially

WA ?W %-93 71.
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puare liquid mcnmer, recover"d from a fractional distill&-
~gi tat1ion A slurry of the solid polymer and liquad

monamer rosults. A portion of the slurry Iseocnti~ucas.lY
boing removed and filtered to -*cover the colid pol~mew
in powder or gra~nular- forms The- entire process In a 04i-
l~nuous an* In whichi inus*4 Oc't-tima o. ths various sgeatd

and reactants are Gootilaailly reoo-.red end roturne4 to the
iyst~m* (This nethor4 is presumably being uoe4 in K6.1068185

U.S. latent 2 6W0 SZ. (21) Process for toly,'nrilzag
frIfluorochloroetUyline (6-17-52).

JeM.Wriditsan of the K. WoKellogg Company haa developed a
method to rea~ve th. heat produced by pol juerisation of
the reaction tauperature adequately., end i7-proving the

of trifluoi-ochl. roa thyl on& '..a eporated during the reactiou,
and the heot of polymowisation, Is thus removed "a lateint
heat or 'apolwiatlono

U.S. latent 2,600,202 122) Method for Polyjmeriinlgp
Calorotrin. ucroothylone (6-10-52).

D*W&Caird at the eoneral V.sectro Compuiy has developed a
prootas fav making a substantially heat-stable, highb-
mole oul ar-weiL)it chlorotrifluoroe thyl one pol 7,e1 by
agitating an aquoeou suspension at a mixturo at below pff-S
In the presecie tr ultraviolet light* The aqueous mixture
contIne ch1 forotri rluorcoct~iyl *no and a wa tersoluble,
mno' anle peroxide polymerization catalyst for i1t, borne
&acid a wator-soluble Iran malt, and a rad"a=an %geat
r;;ly axid1sad in the prvesnee of tka polymerization

U.S. Patent 2,5",%6i0 (23) Copolymers of tChlorotrifluoro- F
ethyl one en 1oflerni Kydz'ocarbon. and a Vinyl Carbozy3 ate
(6-10-52,.

Rd'I.Joyco, Jr., of the dutont Copaay has accomplished the
pr'nparat~ion ot new high-mol~ov.la,-we1l9it pol~7uewe and at
ecrapositions containing tbom, by pol-,asriaing a &ixture at
,.h~xgz'o f1ur#=,9a 3=4~ a vinrl ertor of an or*Ano sacid
such as Vinyl 400tate in the proesenc of a pez'ozy e&ivayio iaoh
as benzoyl poroxide.
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lo Allison, AeR. Chamical Resistance oftHipthSatur'ation

Apopioa% Ions. * 4A&Mri.Us Laooratory,
W~v York Na~va1 74aiipyar-c.-- 7rsadntod at Third Naval
Cmfetarcu' an Ele~tomer Research and Developwmnt#
Wathirviton, Do Co* 2-7-;2

2. Fick. A* Poe~jendo--tff Annalan- der Pthysikc ?k 59 (1855)

3. Huldebruar,. J.H. Souiiyo o-lcrlts 39ccvnd

Now Uri,~ 19326- 133.

49 Ho&vink, JoRo rndu~tries des neattiues b, 409-14 (1947)i

6. Xsl-?. T.chnIlcal Bu~lltir #1-12-49. Chemicul Marntaoturingt
- Division, IoW*Xollagg Company,, Jersey

City& No Jv

7. gal-F. Techniclal b~41etis 02-10-50e Choieioal Manufacturing
Diviuion, II.~oKellog Coapary, Jersey
City, so J.

S. Myers, C.S. and Phillips, P.R. a~m~~yo oj
eLtlcylcc ?iiu

9. ei'srls, 3.3. Modeorn Ilasatico 18 No., 6j, 53-.6 (19ta)

10. OP?*Film. Tectaical Data Sbe.to T~pe Division,
Ninnesaca Mining &Manutictuwing Co.,
Ste Paul, fInne

U. Simril, V.L. and Hershboroter, A*
?eritsabII~t7 of Fol'"eric ?i11m to

~P6s Plastics, 6(,d

12. Stout, Es, Goismn, R*, *tk] Mously, JONl.
OtffuIsIvitz of rotsg~s ".rrvih Mtht~tio

Ste Louis, No*
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33. Teflon. Ifew Product Bulletin JUX-109
Polycom~ioals Dopar tatait, Sol* duPosnt
do lomours and Company Wi1i~ngtoms
Delawaz.. Janus~r7 15, 1952.

l~i. Tritheno The Visking Cawporation, Torre Haute#

Indians
35. Maddock, D.R. Manuifacture %MtrPooertios of Quenched

Waraoc Uoipor~aion. 
F

16o Dexter, to 71uortthano Resin Classiticaticn by
Ict, 01.f.: - .t.,lL Caro0u and

17o Merck# Vol. lractloa3. ftrxpwiona In po).aig-n

18. S8hIl4Iaioht, C.Is Vlv'vl and Related 1*l1=ova jobn
Wiley. on 7~ IWO WO ~,19520

19. Kiopa. I.L. mad ?edbwy, Jej. P, pthy Phth jats
Soltio ofAce ,tF 7r-I(T* as~~ Cava

Appl ca~lon dai~s121 .1r ca 1,745
U.S. Patent 2*531,134o~

20. Nor!~, ebert Jo Plasticizationi ot PighIqirbici

V---O d-Ut 2600 802.
Z.. teaulsko John So Proftetion or Chlcoratrifluoroothymen

17 r JIu4' Appliermaln
date 1.3 april J-iJ U.~. tent 2,600,80oL~

22e rigtso,, abaHe rnoeu for' Pao1-nrtzing Trifluoro.

23. Cait'4, Divid Wo Jq~tho4 for mo'~rtsinM Cbortit1orf-
sta Cne*-p;p-1hZ-&tra da13te do June vsi~oQ

a..1 emit 2,600,202.

214. Joyce, Robert Mt. J,. Copoo1'erm of Chlarotrifluor.-
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Rtrat Pmzta Retardant Base Bland 0Q

z 10 20 80 PUs. vistansx BUa." o1 ~ ea

Bi,203 10 20 t. Plytyln

%o20 140 80 pts. Tistmiex SIriS. Complets.4

20 20 pts. Polyethy~ilen

P-3TO T0 30 Pt.e. PVyetan un ONOst

1175 5 a80Sts. visanex &US. .i;.qi1.tsly

Vex #150 20 Pts. polyethylsen

wax #150 20 Pta. Polyethylene

TiO2 40 40 ~ 30 Ylj vitafdBanl.Nlitl
T0 Pts. FOl,7.WI'w

?i02 TO 70 30 Pts. Vist.anxDM circ* Gqetely
70 pta. Poliethyime

ftIO3 70 70 80 pta. Viatu~n4 akU-ia CeMyliA4&.y
20 pts. fty"Ito~m

S?, 25 80 pts. lisum DAMS ir, c~1. .. iy
S".~ 5 7 20 pta. Polyethylene

ZnBO, 25

80 pta. vistane 8..xne CMItte:ly
20 pta. Polyethylene

30 pta. Vistanex qaWs C001 4017

70 pta. Poiystrzy.o'sn

80 p"a. listie Burn.s In c-~tc
20 Pta. k~olyetrylane, with fime. Not
c ulender-coated onto self-oxtinC>ish'iflg

20 P".. Polyjethylene, writ lr.No

cal-do-cate ot,. slf-xt r1uisir

Dyn.% ai

TiC LO 
-0 *--Ps ita"De o binw20 ps. lyotqlae, pessrv~ovqdfromfla



LROCT~UMVS

Procedur3 A MeGtnod for Detarmining Fervorbiitj to Fuming ji
Nitric Acid

I. Deacription of Apparatus (Cl)....

A) Setkat 'oint attached
to ground-5,,wlaa stoppered

B) 5cmkot Joint attached to

distillad .vatrr cup In

which elocrodso, of pH

meter $-"$ 'aearsed.

C) Saimpla beliq tested
clumped in place. 8

AY c
M¶JE, SCALE

11, procedur"

The sample to be teated Is clar,•pd t.wean the 3wo cells with
a. ball-and-socket clamp++ employing a butyl rubber gasket, One

hundred cc. of distilled water fr3 pipatteted lnt2 th,! distil-

led water cup, and an initiul pH reading is ta;e;n by dippi•gl

the electr'odes of *be becicThan pH metar into the diatilled J
watefr cup. Puming nitric acid Is poured into t 6raund-glzss

stoppered tube, qrn pM r adings are taken until the oreter

regiiters pH 2.0 (arbitrary stopping point). h calibration

curve ;reviously preparpd, F14ure 1.1s uzed to find the acid

p9 l readiorrte In gras poor aquore m6tor equivalent to the

pHre adlr• s.

I

,i'

S+'• I



m ill--- ' 1 II II . ....... _-_ _

procedure 3: Preparation oat plf- from Various Blonds

of Po)yisobQtylone and kolyothylont by

the S3,Iutlon-4Castifl Method

A thirteon percent solution (bf veight) of polyisobuty7!rie

Kslls0 polymr to warm solvent with continuous stirring. i
Portion* of this solution b•-e weirhod into containers

es cealcldl.&=d =uno't5 of polyethlylene (Alathon A) were

added ta give the f-I.lowing bler~.d

A, 70 parts Vlrtarnx B-80, 30 parts Alathon A

D. 50 parts Vistanel B-30, 50 part. Alathon A

C. 30 parts Vistanex~ B-j30. ?0 paLrts Alathofi A

A hamogsneous blend *f thset polymrs was obtained 14f w-armit

the mixturva at tomparotures oft 10-120"C, with stirring.

Solution were maintaitad at this tesperatu-e for casting use.

Castins at films was done oa glass plats w•hich had boon pre-

hoate4 to prevent precipitation of nel7•othylon# d4uring1 t'

operati•o. Solvent evaporation was carried Ott at 1O"C I r

the e"n reason8 Th. is Zlies platea 0ore edged with strips o:

glass *Uch prevent flowing a d dimtortion during film form&-

tion.

A portion of the thirteen percent Vistanal solution wts used

to prep&are film of piwu Vistatnx ib Ich was cast on a

glass plate and allowed to air-dry overniaht.

-4A
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Procedut C: Proparation of Polyethylene Fi1's by

?SftsU 6"as Of polysthyline (Alazon A) vare placed in a

flaah €ontainin4 450 oc. of tolLvne Tii f.0k was warrid
Son a stea bath, and tba contents were agitated to brina about

solution. The films were oat by pouri•g the warm solution
onto :arzd &I=s plates, and the plates were placed In an
ovwan at 1104C, It was necessary to ktjop the tesraturo of
the solution abovc 800C at all tims to roevent proeoiptis1on
of the theomopluit1o. SuCh precipitation increases the
tendency of tbs funm to cracl khan the solvent is evaporated.
The filas were ellowed to rs.i-s n in the oven ,or two hoursto inure~ amplote solvent evaporation and to allow each
film to fowo toe ot~ar to foara a continuous shoot,

.7,

S+.. • +,++ + +.+•.+ ........ . I
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Procedure Dt teparation ot a rolyothyleno. Pill byI ~*'e Calar-loim~ rithiod

The rolls of tho leboatory mill were boated by .lloulni a
batch of natual rubber to mix for 2A) to 30 minutes, with

Scoolie1  coils shut offa A poetion of polyethylene
(Aathon i) was placed on the rolls and allowd to mix
ton' 15 to 20 mitn.t4u until it had bmnded and becoi soft.
The batch es thesoed ff '%-ohs rolls and @-Ilo~nd to co"-.

['

,i
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Procedure It: Pe1rAation or rILa.- f rom Vai.ous Blends
of Polaisobutylans, md Polyethylene by
ths SO.1ton-Catin; IMethod, Followed by

It Is Ross 6r to maI ttaI n the W lut Ics at 150-212V and t a
Gaat films on prohad gLass plato.* A complete sries of
pol7sthylorv-polylsobutyle7n (Vistmex) lnas was cast from
tOlinoslut imuon. Calculated emunts of pol~othylorA and
Vilst ae z solutio n• (.#rovioualy m ado up t a 11% in tol uene)

were plad iv Zrlert~ysr fla's which warop houtio.i boi ligwater, Ad4ttional tolzsrs wau jA~ dod as roquirsdo, to give

bfogaspaousultutions of a Yisaoosity spFWviaat~ly equal.
to that of SAZ so. 10 o.l,

A small pcrtion of hot alutlen was poced on a glass plate.
Preheated to 1507. the hot 11ition va.a s.pmad to a thick-
ess of o0o) Inch with a UrMo applloatoro and tk plate

was plos.d In an oes at 1507 -for 30 minutes. Tha platelw a U se s r m o "e 4 fr s t h 4 *o n, W - ad d iti.. on al c ost s w• i
applied rAn drodj, as before* until the films wer O,6$

o .o007 inch thick. Afte- applicatucn of tks final cost,
tbo ftls vwre kold 5 to 6 hours at l5OoF to ronowe as
such residual solvent a possible.

I
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Prooodur- F: Preparation of Pilms from Various Blendsof Poiylsobutylaou ond Polyethylene byr
+. ~tht. Promsa-Molding,. t•ohod

A coomplate series of ipolysthyle or-ViatoarAmx B-80 blends
was mixed on a hot oJ.1l (1600P) to a homogeneous state,

After mUlInr-U the batches were Aheated from the mill
and prepared for preus-nolding. A ample of tiw sheeted
filIs about 3 in. by 3 In., was out f ran the batch and
placed between two Teflon-covered (.002 In. saoaed Teflon
film) alainJum plate& ( 6 in. by 6 in. by 0.25 In.). (The
Teflon acts "s a mold-releams a~ent. simplifyln1 the removal
ot film after opressing) The wold" was pleaod In a pissa
at 2500P and was allowed to relain there for 15 minutes under
zero prsosure* The preheating effeotively softons thi
blend to an easily molded plastlo mias. After 15 minutes#65 psi was applied to th piatoa rw 5 minutes* Lwlldiaet

cooling under peusum was necessary to reduce bubbling tmait;o decreas the tackizaoo of the fi~lms before handling.
rheO standard thicknes oOf 0008 In. was obtained by the use
*t matal 8hista at tkAo thlakniosm, which separated the plate*.

WiADC TR 54&-93
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7i Pro Oe•-, 01 Deter•tination of rle-m -Resis tonce
(L13t o? Flaza-Re-tardants on t'age 26)I| T~etho A Plame-retardants were addea to previously mLlled(blanas & VLstanex and pol)ethilens, on a laboratory mill

hoated to a temperature of 170 P. After complete dispersion
of Ingredients, compourds were *heeted oCt the mill and sliced
Into small rectangular sections. Each section was brought
into direct contact with a flame (approximate temperature,S1800F) and the smount of flaming was noted.

Method t. A blend conisting of 00 parts Vistanex eid 20 parts
SOThy-lons, with an additional 140 parts titanium dioxide,
was PI*Pfrd 0% the mill. After being shvited otf the mil1,
Sectinrs were placed over Vinyon and Lynel fabrics. ThuScomponents were placed between Terlon-covered C,002 In.
shaved Teflca film) eluminum plates(6 in, by 6 In. by 0.25
In*) and then put In a hdraulic pross which had boen pre-
boated far 5 minutes at2800F. They wero pressed for 1>minutso at 65 psa. after being cooled under pressre, the
resultant coated fabrics were brousht Into contact i, Ath a, flow (approximate temperature 1•0") and their degree of
riomibility was noted.

ftthod C Previously simlsd, umfilled blends at polyethylnes
Satý lit"Lztwere calentored on D'uel fabric. The fL•e-rests-
tace at the coated fabric was no*4d by placing a specimen
in direct contaot with a flam (apvroimaate teonmratureo,14iF).

I 5
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1i'@ostw at Determination or the cove of Blocking
or Coeste4 ForteO 6T*oiWfl6

Test RM'Th following; 1 In, by I is, seCpMSAl,

;prooeiae1161U248as over-II1 thickness5 of A 015 in*$ were Used

for testing,

1, VUnion !?bric 4~5OI)s calander-oateG with a biSUd of 50

parts 'V1stowx 9-40 and 50 parts Alatban A.

2. 'Vinyon, fabric (#501)v calander-coated with a b1*'~& Of 60

parts Visatex U-30 and 40 parts Alathom1 A,

3. Tiaron PfibrI4 0#S01)s ab~dorcote with a blend of YO

parts VietwoZ b;-3 and 30 parts Alsitbof A,.

4,. Dy"oeltb ie. caleudoW..405te
8 with a bl*nd of 60 P~ttI

VstMSA Z-0 0 and 20 Peru~ *leth00t A,

h44 ftrs? eptmeasP of eeuh type at ostod tfbWs were

bw~ir), Lobcho~osioe was placed betwes*! tue orl

2 I. by 1.5 in.) was thou Pisa*& on tbo upper pa* to obtalil

1.3 Pat o eash, speeiwen. VMS 1smi¶~ttO a atii dI

it drying owesnfor 214 hours at 125*7 t 50 A tr zemoyal from

the owe. 0 6fta sandwich ocabipatLou wa 010 o wobd

and w*8 thes tested for degre of bokn codgt h

folJ.@J-g sat)

Degree1,8, 3N blookit4. 3o othesto bottweB surfsa@i

51'. -~soated fabrics s~ll, freely.

Degree £1.3. *-3114t bioaskiu4, Coated tabu'ias haew to be

Peeled sa"&it but. .arftaos "wIintsct. I.
Degre a. -- ioking, Coetod fabrics haew to be peeled

epart. WAn swta"Oe are damaged.

WAW TS 49



pston of uhplasiietllo olvL7

Proocedure I& tr pe l oU astipntng oi 1 Vor l n

Chlor'd Films ths Solutio C -tkfR ~tho4

A 15% soltlu Of WIsat1@11o poly....yl cloride (GOOD

1i2 Paste Resiln) vae p.p"bre4 b d•a _* th• e owder to

wOIS solvent (CIGIObSIMOD Sl% with &Gitatic". The

resultant, yellowish viscous solution was stri:Wid thrZ014

Piberglas a*nd wa olowd to coal . LIAp wore Gast from

the naterial by youitg~ the solutionl onto glass Plato$,

edgod with3 latstrips, The solvent was allowed to ,,.powate

In airre t" to twenty hours.
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ProaduW? JI: Heat-Troating Unplastleised Polyvinyl
Chloride Films Obtain4ed by the Solution-

Coastint MO-thad-

Two films were cast from a 15% solution of unplasticized
polyvinyl chloride tOeon 121 Paste Resin) in cyclohoxanons.
The films were air-dzrled for 15 hours, after which they were
placed in an oven at 70*C. frr 4 hours and 8 houw&* respec-
tively.
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Pro@*&" X: ?"Pars on volotarm FiLms by the Solution-

A 20% solution of Velctfmwu -10 in a W/35 mixture of
Mtbhl ethyl 10tor and toltaws was pvowd onto glass
plates, 6404 with strips €: Ialass, Th plata$ Were gt
aside for 15 hou, to allow tb* aolvut to evapat' .
no beat trsatmt vwa g•ven tkm films,
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BOCUJEUI SERVICE CEMIE'
%%OTT BUILD15IS, DAYTO3I, 29 0113f)

NOT!CR WIZI Olf IMN OM OYTaR DRAWDIM spwuCwATwm0',!. ina R rIT.'. ~*
ETrt'"2D FOR AMT MM RP~or= RTs" EllC04(ZCMMM2WY Ar 1-1;: P) ..
GOVZfMR~fT PROCURMZNWT OnXRATMN~, TNR M. &. .0ZCl T'.l 1ý f. c .; i
N to NuMmnn~rry, MMR ANlY O3LUG 4TWO WXRAT=OV=3 AMD TnZ ý:AT . ir.
GoVimmcmMAlT H(y~AVZ FOCMULATZD, UC.3, Ci IN ANlY WAl.J:)1.P.'A. t T112
BAID DRAWINGS, BPC1FXAT!OMS CA OTlJ72 DATA 13 rK'T TO SN %~ I .''
IMWLZATION OR OT=RZWMJ AS IN1 AM IT AIM7ALX =n2I TlSr A f" .Y I "I

PINI"C2 Olt CCRPRATXV1, (2 CIONIShh1! f AlIT zicar CR PRL~1.j 4'~l, FA*U.

U33 OR BELL AlfY PATEMNT!a DIVI~fr"1 TKA7I dAY IN ANY WAY 0R t&.A..Arr Is

CL ýA~l A.A f tw4w

Mr ý OP 710 VT170'4'7777P q IS!Ri 1 1 o


